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PREFACE. 


T he geologist has an anxious part to play with reference 
to practical questions. He is instituted more as a 
concession to what seems but a rising fashion, than from any 
faith in his knowledge or any understanding of his functions ; 
and thus it happens that he is not consulted when his opinion 
might be of great service, or, on the other hand, he is called 
upon to perform what is quite out of his line of business, 
or twitted for not having done what it would be unwise to 
attempt unless under special circumstances, and impossible 
to undertake without special apphanccs that were not at his 
disposal. As no one is more aware than himself that the 
best, if not the only, warrant for his existence is his useful- 
ness, such circumstances are very distressing. The martyr’s 
hope is sometimes his only consolation — that there is surely a 
better time about to dawn, when knowledge will prevail 
among the people. 

The geological survey of India had its origin in the desire 
of Government to have the coal-fields of this country 
systematically investigated, and the work of the survey was 
for some time wholly devoted to this task. It was only after 
the principal coal-fields had been mapped and described, or 
were well in hand, that the general examination of the 
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geology of India was taken up, an increase to the staff having 
been sanctioned for the purpose. We were thus able within 
a reasonable time to prepare a general geological sketch map 
of nearly the whole of India, a descriptive account of which 
is given in the two first parts of this Manual, published in 
1879. A corresponding summary of the mineral resources 
of India was, of course, part of the design for that work ; 
but as the least attractive part of the performance it was 
postponed under various pretexts more or less justifiable. 

Dissatisfaction with the best account that could be given 
was a chief cause of reluctance. What real information 
we possessed was already published in greater fulness than 
could be rendered in a summary for the whole of so great an 
area ; and that information related almost entirely to coal 
and iron ; for the rest there were in most cases only dry 
facts, insufficient for any safe practical judgment. I cannot 
now explain why, in the nature of the things, this contrast 
obtains — why the naturally exposed evidence of vein deposits 
(from which most metals are derived) is very much less 
satisfactory than in the case of stratified deposits, but so it 
is : without more or less extensive surface clearings or trial 
sinking it is seldom possible to give an opinion worth having 
on a mineral lode. It has very rarely (and with sufficient 
reason) been the desire of Government to undertake this 
preliminary mining or ‘ prospecting’ ; and there are as yet no 
mining operations in this country from wliich it would ho 
possible to learn something of the habits of mineral deposits 
in our Indian rocks, the indigenous workings which were 
once active having long since been abandoned. Except in 
the case of the precious metals, the mere fact of former 
workings covering a large extent of ground gives very little 
security as to the strength of the ore, for it is certain that 
with his small ‘plant’ and low demands the native can 
derive profit when larger works would fail. 
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Thus it happens that the information available regarding 
metalliferous deposits in India (iron excepted) is defective 
in respect of their probable value, although the dry facts 
of the occurrence of ores in many places are abundant 
enough. A complete collection of those isolated observa- 
tions involved long and patient search through many papers 
published and unpublished. This task has now been very 
tliorouglily accomplished by Mr. Ball : in this 3rd Part of 
the Manual of the Geology of India he has colligated all the 
scattered information in groups of subjects and of districts, 
indicating the relations to what is known of the geology of 
the country. The student as well as the man of enterprise 
will long owe him gratitude for the great store of facts tlius 
brouglit witliin easy reference. 


n. B. MEDLICOTT, 

Superintendent f 
Geological Survey of India. 
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INTRODUCTION. 


India ** haa underground numerous veins of all sorts of metals, for it contains much gold 
and silver and copper and iron in no small quantity, and even tin and other metals 
which are employed in making articles of use and ornament as well as the implemenis 
and accoutrsments of ivarl* 

The above is a description of India as it was known in the time of 
Megasthenes^ or nearly 300 years B. C. To many it may appear that it 
was a fanciful and fabulous India^ very different from the country as it is 
now known to us. To such the facts set forth in this work not only as 
1o the extent of the mineral resources, but also as to the extent of the 
ancient mining operations, will come almost as a revelaiion. 

The habit of speaking contemptuously of the mineral deposits of the 
country having grown up so strongly the question of the value of parti- 
cular deposits is now far too often unfavourably prejudged. Speaking 
generally, the value of the majority of the deposits is relative to external 
circumstances. Were India wholly isolated from the rest of the world, 
or were her mineral productions protected from competition, there cannot 
be the least doubt that she would be aide, from within her own boundaries, 
to supply very nearly all the requirements, in so far as the mineral world 
is concerned, of a highly civilised community. But the consumer would 
probably have to pay more than he does at the present day. 

Many of the deposits of metallic ores are undoubtedly poor from the 
point of view of the European miner, still the Native miner and smelter, 
by an enormous amount of very hard work, were enabled^ to produce the 
metals which they sold at very high prices ; but the production per man 
was so small that these artizans managed only to secure for themselves a 
scanty subsistence. As foreign competition has enabled the merchant to 
sell the metals at the very mines at a lower price, the trades of the 
indigenous miner and smelter have been, as regards those who worked all 
the metals, except iron, almost completely crushed out of existence. In 
the introductory remarks to the Chapter on Iron, it will be seen that that 
particular industry has also become extinct throughout large tracts of 
India, and that in the remainder it is only kept alive by a hard struggle. 


* Ancient India, by J, W, McCrindle, M.A., p, 31. 
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As English lead and English copper have undersold the indigenous 
metals at their places of production, so English iron has supplanted native 
iron in many parts of the country and bids fair, provided an easily mallea- 
ble iron can be sold at a cheap rate, to do so in all. 

Casual readers of this volume might perhaps pass over the tables given 
in the appendices were their attention not specially directed to them. That 
the facts they contain are of the highest importance in connection with 
the question of the development of the indigenous mineral resources of 
India will be apparent from the following abstract statement of the value 
and amount of imports for the official year 1879-80: — 


Precious stones (including pearls) . 

Quantity. 


Valuf. 

Ks. 

15,62,799 

Coal, coke and patent fuel' 

<5,08,760 

ions 

1,17,40,715 

Petroleum 

78,88.247 

gals. 

48,19,079 

Sulphur 

13,310 

cwt. 

81,290 

Arsenic ...... 

3fX) 

?• 

5,256 

Mercury 

5,31,393 

lbs. 

5,88.436 

Gold (including coin) 



2,05,03,929 

Silver „ „ . . . 



9,60,50,019 

Copper „ ,, 

3,86,173 

cwt. 

1,62,01,647 

Brass ...... 

10,279 

,, 

5,38,484 

Lead ...... 

73,480 

,, 

10,62,958 

Zinc ...... 

1,27,138 


14,43,699 

Tin 

20,840 

,, 

9,88,459 

Iron* ...... 

21,11,156 


1,22,93,847 

Lime and Chalk ... 

43,739 


19,294 

Salt 

3,52,238 

tons 

76,25,321 

Saltpetre 

3 

cwt. 

49 

Borax ...... 

34 

„ 

922 

Building stones, millstones, griud- 
stonoB, &c. 

17,423 


93,414 


Total 


17,56,09,427 

Or in sterling at par 


£17,660,942-14 


An attempt has been made in the following pages to gather up the 
almost forgotten and nearly lost shreds of information regarding the 
mineral deposits of India as they were known in early times, and to 
interweave them with the facts acquired in recent years, so producing a 
united and continuous whole. 


* Taken from Appendix B, includew imports by Government. 

* Exclusive of imports by Government which are apparently not yet published. 
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By the li^ht of modem knowledge it is possible to read many allu- 
sions as to the existence of mineral productions in India, which were 
hitherto obscure. It will be shown that India has not only produced 
gold since the very earliest times of which there is any record, but that 
there were also, in all probability, mines from which silver was obtained 
in some quantity. 

Hitherto mining for metallic ores by British companies has not been 
successful in this country, though coal and salt-mining and the quarrying 
of building materials have been carried on either by the Government or 
by private companies with, in many cases, very great profit. It would 
seem, however, that, as regards the metals, there is a new era about to 
commence, and that the capabilities of India, not only as a gold-produc- 
ing country, but also in reference to other metals, will in the course of 
the next few years be for the first time fairly tested. 

Looking over the scattered records of the early discoveries of 
minerals in India since the British occupation, .one cannot but be struck 
with the evidence they afford that history repeats itself. Specimens, say, 
of gold, copper and lead ores or coal were found often in the first instance 
by natives. Samples forwarded by district officials to Government 
were assayed and gave rise to a more or less voluminous correspondence. 
Where the district officials were much interested in the discovery, small 
grants of money were occasionally made in order to test the value of 
the deposits. These grants were in not a few cases expended in grubbing 
and rooting away at the outcrop of the mineral, as though the deliberate 
intention bad been to remove every trace of it, and thus it has happened 
that when such localities have been visited by professional experts 
nothing but a heap of debris remained to bear testimony to the fact 
of money having been spent. For the removal of the debris neither 
funds nor time might be available, but in some cases the same deposits 
have more than once been thus treated, the memory of former opera- 
tions having passed away, and on each occasion a new discovery has been 
announced. 

One of the objects of this work is to rescue from the oblivion in which 
they have long been enveloped and trace historically the early notices of 
such discoveries. Some of them are to be found in old manuscripts, others 
in papers published in various journals which are not now — and some of 
them never were — easy of access to by the Indian public. The volumes 
which have been consulted in this search amount to many hundreds, and no 
pains have been spared to extract from each paper as much of the inform- 
ation of value which it contains as is consistent with a due regard for 
brevity. The full references to these sources of information which are 
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given in an appendix will enable those who may be interested in any par«p 
ticular deposit to have recourse to the originals, should they desire farther 
details than it is possible to include in a precis. 

There may be important deposits of metalliferous ores which have not 
yet come to light ; in fact that this is so is certain to be the case, but that 
mere superficial exploration, without aid from artificial cuttings for 
canals or railways or from the laying bare of natural sections by landi 
slips, will add many completely new localities to those where such de» 
posits are known to occur, is less probable than might be supposed, and 
for this reason ; the Indian peasantry are observant and curious about these 
matters, and in most cases where it has been possible for them to moke 
anything out of such deposits they have done so in a small way. Prom 
time immemorial, too, the country has been traversed over by peripatetic 
metallurgists, the workers in iron, and through their agency deposits have 
been brought to light, the knowledge of which has become public pro- 
perty through the agency of district officials ; of course as to the actual 
extent of such deposits where they have not been visited or reported on 
by experts, our knowledge, even as regards the mere superficial appear- 
ances, is in many cases very defective, while, regarding the majority of 
the others, we simply have no information as the result of actual work- 
ings. 

Insensate attacks are sometimes made against the small body of 
officers which constitutes the Geological Survey of India for not having 
brought to light the presence of minerals which are sometimes claimed 
to be discovered by others. It is perhaps not too much to say that a 
majority of such discoveries turn out to be delusions. Even were it 
not so, it is impossible for Indian geologists, who in their season^s 
work traverse enormous areas, to go over every inch of ground. And 
this fact, moreover, should be borne in mind, that the natives, in many 
parts of India, are unwilling to disclose the mineral resources of their 
country to strangers, and, in some cases, they actually take steps to 
prevent their discovery, as will be illustrated in the course of the fol- 
lowing pages. 

That residents for months and years in a neighbourhood to which a 
geologist has only been able to devote, perhaps, a day or two should 
make discoveries would not be surprising, but it is surprising that such 
discoveries are not more common. It is competent for geologists to 
demonstrate the possibility of certain minerals occurring in certain tracts, 
and the utter futility of searching for others in areas where the geolo* 
gical foimation precludes the possibility of their occurrence* 

That the records of the Geological Survey, and the information avail- 
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able regarding the mineral deposits of this vast eonntry, are even moi*e 
extensive than could have been expected under the circumstances will, it 
is believed, be admitted by all candid readers of this volume. For those 
who declaim, without first referring to the available sources of informa- 
tion, no specific can be offered — they are past treatment* It is hoped 
that those who have opportunities, and are otherwise competent to do 
so, will contribute to the general store of information ; and this volume 
will, it is believed, suffice to show both what is already known, and the 
points which need farther investigation. If it should succeed in eUciting 
facts in the same manner as several manuals on other branches of natural 
science in India have done, it will have fulfilled one main object which 
the author has kept steadily in view. 

Even with increased information it may be possible hereafter to 
issue a very much condensed edition of this work, but at present it 
seemed to be desirable to place within the reach of the residents of every 
district in India as full a digest as possible of what is recorded regarding 
their respective areas. At the present stage of our knowledge, where 
so little has been done by actual mining operations, we are not in a posi- 
tion to adopt a strictly censorial style, and reject as utterly worthless of 
mention deposits at localities where only mere traces of ore are known 
to exist. It appears, therefore, to be a far safer and more useful plan 
to state exactly what has been recorded, leaving it to possible future 
exploration to determine doubtful questions as to value, 

Owing to the extent of the matter it has been thought to be best 
not to introduce extraneous, though really often both interesting and im- 
portant, subjects, such as comparisons with the mode of occurrence of 
similar minerals in other countries ; nor has much space been devoted to 
subjects which can be found fully discussed in ordinary manuals of 
Mineralogy. 

In order to avail of this work most effectually, the reader should bear 
in mind that there is a double system of arrangement^— -a vertical one 
by subjects, and a horizontal one by districts. A glance at the first 
part of the index will show in what districts of India a particular mineral 
is to be found, or, on the other hand, the second part will show what 
are the mineral productions of any particular district. 

The maps are not so numerous as was originally intended ; but in 
dealing with such large areas there are great difficulties in the prepara- 
tion of maps of sufficient size to be useful, Those of the principal 
diamond-bearing areas will, it is thought, have a special interest as they 
have never before been published on the same scales. The map of the 
Wynaad has not been very successful; it was hoped when it was 



XX 


GEOLOGY OP lOTIA-^INTEODUCTION. 


commenced that information bringing it up to date would be forthconi* 
ing, but it had not been received at the time of going to press The map 
of the coal-fields, though merely an index to the larger-scale maps of the 
separate fields which have been published by the Geological Survey, can- 
not fail to prove useful with reference to the alignment of new lines of 
railway through the country. The General map of India is included for 
the convenience of those who are not well acquainted with the relative 
positions of the different provinces into which India is subdivided. 

The plates have been taken from photographs and sketches, and they 
serve to illustrate some of the native methods of mining and metallurgy 
which are destined to become extinct. 

At first it was intended in this work to adopt a rigid system of 
transliteration in reference to native names, giving as alternatives some 
of the popular forms of writing them. This might easily have been 
done as regards names of Hindustani origin ; but as a large number of 
those which are mentioned are derived from other languages, and as in 
many cases doubts arose as to wbat the real spelling should be, owing to 
their being written in so many different ways by different authors, it was 
found impracticable to arrive at any uniformity. Accents have been 
altogether omitted, as it is now pretty evident that their use will not be 
generally adopted in spite of the very strong reasons which exist why 
they should. In order, however, to make up for this deficiency in the 
text, and to convey the true form of pronunciation as far as possible, 
accents have been used in the index. 

In conclusion the author can only say that though many weary 
hours have been spent in the preparation of tliis large volume, it has 
been to him a labour of love, and a labour for which he has for several 
years made preparation, in the belief that it would one day fall to his lot 
to undertake the task ; he trusts therefore that it will be found to fill 
the gap which was on all sides admitted to exist in reference to the 
available information on this important subject. 

While his thanks are due to several of his colleagues for the inform- 
ation which they have afforded to him, upon subjects regarding which they 
possess special knowledge, to the Superintendent of the Survey, Mr, 
H. B. Medlicott, F.R.S., he owes a no ordinary amount of gratitude for 
the unwearied liberality with which his advice and aid have been given 
throughout the work. 
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CHAPTER I. 

DIAMOND— GBAPHITE—AMBEE. 

Diasiond — G wneml remarks. Madras — Kadapah (Cuddapab); Bellary ; Karnul ; KUfcna 
and Godavari (Golconda) ; Bhadrachellum, Bengal — Chutia Nagpur ; Central Prov^ 
inces; Bundclkhand (Panrra). Ghaphitb— General remarks. Madras — Travancore j 
Tiiinevelly; Kistna and Godavari; Vizagapatam. Bengal — Lohardnga; Sambalpiir; 
Rajputana. jExtr a- Peninsular — Afghanistan; North- West Provinces; Darjiling; 
Burma. Ambbb — G eneral remarks; Burma. 

Diamond: General Remarks, — However interesting it might 
prove, it would scarcely be appropriate to the present work to attempt 
a resume of the early records which exist as to the esteem in which 
the diamond has been held by the nations of antiquity,^ The name 
Adamas, by which it was known to the Greeks and Romans, was 
derived according to some authorities from the Arabic Mas or Al* mas ; 
but according to others, this name was not at first applied to the 
diamond. Besides indirect proof that the east was the source from 
whence the diamond originally came to Europe, definite references to 
India, and in India to the eastern coastal regions, make their appearance in 
the works of the Greeks and Romans ; but it is in Sanscrit literature, and 
naturally so, that the first mention of the actual localities is to be found. 
Although it is probably not true that the stone now known as the 
Kohd-nur belonged to Kama, the King of Anga, about 5,000 years 
ago, and afterwards to King Vikramaditya of Oujein (56 B.C.) as has 
sometimes been asserted, it is none the less certain that very ancient 
Sanscrit works treat of the diamond with considerable detail. In a 
recently published work by Raja Sourindro Mohun Tagore,® will be 
found an account, in four language^ of the precious stones of India, 

' Reference may be made for discussion of this subject to Karl Bitter’s * Erdkunde 
Asien/ Vol. VI, p, 343, and G. W. King’s “ Precious Stones, Gems and Precious Metals 
Bell and Daldy, London, 1866, p. 23. 

* Mani Mala^ or a Treatise on Gems ; Calcutts, 187D. 
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as described in the ^Puranas^ and other classic works of the Hindus. 
The accounts of the actual mines given in this work, derived from various 
modern authorities, are not very accurate, and certainly not up to date ; 
but the work contains much that is interesting concerning the esteem 
in which precious stones have been held from the earliest times, toge- 
ther with details of the respective properties attributed to them. For 
our present purpose it will be sufficient to quote the list of localities 
where the diamond was said to occur, with the supposed modern equiva- 
lents : — 

1. Ilaima (Himalayas). 

2. Matanga (Kistna and Godavari or Golconda). 

3. Surasbtra (Surat). 

4. Paunda (probably included the Chutia Nagpur localities). 

6. Kalinga (countries between Orissa and the Godavari). 

C. Kosala (the modern Ajodhya or Berar). 

7. Vena Ganga (the Weinganga). 

8. Saubira (the tract between the Sarhind and Indus rivers). 

From what work this list was taken is not stated, but a similar one is 
to be found in the Brhat Sanhita * which is believed to have been written 
in the middle of the sixth century. The mention of Haimaj the diamonds 
from whence are said to have been copper-coloured, may be spurious, but 
is interesting in connection with a reported discovery of diamonds near 
Simla, to which allusion will be made on a future page. The second 
locality, Matanga, subsequently known as Telingana, included the Kistna 
and Godavari or Golconda localities, and possibly also some of those 
situated in districts further south. Marco Polo referred to the same 
region under the name Mutfili after a port called Motupalle.^ The 
third locality, Surat, was probably merely a mart whence the stones 
were shipped to tlie west ; they are said to have been copper-coloured 
also. From the testimony of many writers it is known that the stones 
which were exported were generally inferior to those which were kept in 
the country for the use of Rajas and Nawabs, but possibly the Surat 
stones were not really diamonds, but carnelians. The English travellers 
Fitch and Newbury speak of Belgaum as being a mart for diamonds in 
the year 1583.^ 

Paunda, the fourth locality, possibly included Samhalpur as well as 
certain localities in Chutia Nagpur. If not, Samhalpur was either in- 
cluded in Kalinga which appears to have embraced the mouths of the 

^ Translated from Sanscrit into EugUsb by Di\ H. KerJi, Jour., Roy. As. Soc., Vol. VII, 
new series, 1876, p. 125. 

* Colonel Yule’s ‘Marco Polo,* Vol. II, p. 295. 

5 Selections from Records, Bombay Government, VIII, p, 7» 
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Mahanadi, and the marts on the coast to which the diamonds were 
probably brought for sale, or, possibly, it was in Saubira, Ptolomey^s ac- 
count of this region will be alluded to on a future page. Kosala is 
identified by some authorities with Berar, by others with A judhya ; 
it is impossible to say what place may be referred to, perhaps Fauna, 
which, according to some writers, was the Panassa of Ptolomey. The 
seventh locality, Vena Ganga, is doubtless the Beiragurh of the Ain-i- 
Akbar,’^ the modern Wairagarh, which is on a tributary of the Wein- 
ganga. The eighth locality, Saubira, if it was in the tract between the 
Sarbind and Indus, cannot be identified with any known source of 
diamonds. 

There is one point in reference to the discovery of diamonds about 
wliich much might be written, and that is the ethnology of the 
miners. In the majority of cases they belong to the aboriginal tribes, 
and were probably chiefly of the Dravidian family, the trade being here- 
ditary. There is nothing to connect the earliest workings distinctly 
with Aryan influence, in fact the Sambalpur localities were in the 
country of the Sabarse or Savaras, which may perhaps have been the 
Saubira of the above list. The Panna mines formerly were and still are 
worked chiefly by Gonds or Kols, and the miners in Southern India, 
though some of them are said to be Hindus and others are simply 
described as low outcastes, all probably came from the same family. It 
may of course be said in answer to this that the mining and washing 
would naturally fall to the lot of Helot races, but in some of the 
localities it is doubtful whether the Aryans ever held paramount power. 

On a future page the mythical system of diamond-seeking described 
in the travels of Sindbad and Marco Polo and in other works will be 
alluded to, and an origin of the fable suggested. 

It would be useless to attempt to indicate the relative periods of the 
discoveries of diamonds at these several localities. Tavernier is cer- 
tainly an untrustworthy guide, since, although he states that those at 
Soumelpour were the oldest in India, it is certain that in his time there 
were mines existing of which he knew nothing. It seems not improbable 
that the mines of Panna may be the most recent, but this is doubtful. 

It has sometimes been stated that Tavernier first made the Indian 
diamond famous in Europe ; this is calculated to mislead, as not only 
does he himself allude to an already existing trade, but Marco Polo and 
Fitch and Newbury also speak of it. Karl Ritter suggests, though he 
admits that there is some doubt about it, that the trade to the west dates 
back to the older Arabic and Phoenician times further up to the Solo- 
manic and even to the Egyptian in the Mosaic period. 
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Before the year 1728, when the first diamond mines in Brazil were 
opened up, nearly the whole supply of the world went from India, a$ 
according to Tavernier, the ruling monarchs would not permit of the 
export of any stones from Borneo, which was then the only other 
diamond-producing country. 

Passing from more or less vague speculations to actual facts, the 
geographical distribution of the localities where diamonds have been 
found first claims consideration. There are in India three extensive 
tracts, widely separated from one another, in which the diamond is 
known to occur. Besides these principal tracts there are others, where, 
although the fact of the occurrence of diamonds has been recorded, 
information in reference to the circumstances connected therewith is less 
perfect. But with regard to the three principal tracts it may now be 
fairly claimed that our knowledge of the geology of India enables us 
to fix the limits with approximate accuracy, within which the diamond- 
bearing strata occur, and outside of which it would be useless to look for 
them. Moreover, we may venture perhaps to extend within those limits, 
very considerably, the areas in which it may reasonably be anticipated 
that the gem could be sought for successfully. 

The most southern of these tracts, or part of it, has long borne a 
familiar name, which, however, must be characterised as being to a certain 
extent a misnomer. Golconda {Kala-Kandar^y itself, never produced dia- 
monds ; it was in fact merely the mart where they were bought and sold. 
The name originally applied to the capital, now represented by a de- 
serted fort in the neighbourhood of Hyderabad, was extended to the 
surrounding district, and seems to have been used for a time for the 
whole kingdom,^ which was previously called Telingana and included 
many of the diamond localities. In this way the popular belief on 
the subject arose ; but Golconda fort, it should be remembered, is many 
miles distant from the nearest of these. At the present day there is a 
totally distinct tract of hilly country lying to the north of the Godavari 
river, which also bears the name Golconda, and formed a portion of 
the ancient kingdom, hut it is not now included in the territories of the 
Nizam of Hydembad. 

The districts included in this southern tract in the Madras Presi- 
dency, in which there are or have been diamond mines, are the following : 
Kadapah or Cuddapah, Bellary, Karnul, Kistna and Godavari. 

* "Golconda is the most famous pf the six independent Moslem kingdoms which in 
A.D. 1399 rose on the extinction of tho Togblak (Delhi) dynasty, and it survived till 1088, 
when Aurungzeb brought all India under one sceptre .” — Captain Burton, Quar, Jour, of 
Science, Vol> VI, jYsic Sei'ies. 
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Proceeding northwards the next locality at which mines or washings 
for diamonds are said to have been situated w^ at Bhadrachellum, on the 
Godavari, 

At Bachimalli, m the Southern Mahratta country, Mr. Foote* observed 
a pebble bed at the base of the Bhima series, which presented a strong 
resemblance to some of the diamond-bearing strata of the lower Kistna 
Valley. There were numerous excavations, but he could not learn of 
any local tradition attributing these to diamond-^seekers. Although it 
has sometimes been supposed that one of Tavernier^s diamond mines, 
Raolconda, was in this region, his indications of its position on being 
analysed do not support this view. 

Still further north we come upon the second great tract which occu- 
pies a considerable area between the Mahanadi and Godavari rivers. 
Although diamonds are known but from two neighbourhoods within it, 
still from our present knowledge of their geology, to which allusion 
will presently be made, it is not improbable that the diamond-bearing 
strata may have a wide range. The two neighbourhoods referred to are 
Sarabalpur, with the bed of the Mahanadi for many miles above it, and 
Wairagarh or Weiragud, 80 miles to the south-east of Nagpur. 

Again, as an outlier to this second tract, there are two or three loca- 
lities within the province of Chutia Nagpur, where diamonds have been 
found. 

The third great tract is situated in Bundelkhand, near one of the 
chief towns in which, Panna, some of the principal mines are situated ; 
but there are others scattered about in various parts of that province or 
kingdom. 

Some authorities make allusion to a discovery of diamonds in the 
bed of the Ganges ; but this statement appears to be unfounded. In the 
Bill'd wan Division the old Madaran Sirkar included a village called 
Hirpah,’ where, according to the late Mr. Blochmann, the Ain-i-Akbar 
states that there was a diamond mine which produced small diamonds. 
This too is probably due to some mistake. It is not at all likely that 
real diamonds were ever found there. 

Lastly, about ten years ago, some small diamonds, stated to have 
been found in a hill stream near Simla, were forwarded by Sir E. C. 
Bayley to the Geological Museum at Calcutta. 

Although in the following pages a sketch of the mode of occurrence 
of the diamonds at each locality will be found, it will be well perhaps, 
by way of introduction, to give a general account of the formations 


‘ Mem., G. S. U Vol. KII, p. 144. 
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which include the diamond -bearing beds, and likewise attempt to oorre- 
late those of the several localities respectively. 

In Part I the subject has already been discussed at length, so it is 
unnecessary to do more than state the latest conclusions as to the rela- 
tions of the formations in which the diamonds occur. The Vindhyan 
rocks of Northern India are separated into two formations or sets of 
groups, distinguished as upper and lower. In Southern India, and 
possibly also in the Central Mahanadi-Godavari tract, it is believed that 
the lower set of groups is alone represented ; on the southern rocks the 
local title of Karnul formation has been conferred, and the two have been 
correlated as follows : — 

Northeen India. 

Vindhyan Formation, 

^ Bhanrer grmip 

Upper. . < Rewah „ (diamonds) 
tlfaimur „ 

Tirhowan limcBtone . • 

Palkoa flliales 

Lower. . ^ Dalcliipnr sanclstones , 

I Semri shales and limestone 
(_Somri sandstone 

At Panna, in Bundelkhand, diamonds are only known certainly to 
occur in sliu in a conglomerate which is referred to the Rewah group. 
There are however there, as elsewhere, numerous workings in alluvial 
or superficial deposits; but the greatest amount of labour is spent in 
mining in this the bottom bed of the group, which, though it has a 
wide extension, has only as yet been ascertained to be diamond-bearing 
in the neighbourhood of Panna town. Although diamonds have not been 
obtained directly from any lower group, it would appear that this con- 
glomerate is largely made up of pebbles derived from the lowest or 
Semri sandstone group, and since it is stated by the native miners, 
according to Mr. Medlicott, * that diamonds are sometimes found in these 
pebbles when broken up, it would seem that the latter must include an 
earlier if not the original matrix of the gem. This point is of great 
interest, since it brings us to a horizon, the base of the formation, which 
is strictly comparable with that of the Banaganpilly group, which includes 
the lowest known matrix in Southern India. 

The order of succession of the rocks in the Mahanadi-Godavari tract 
has not yet been fully ascertained ; but from the fact of the only known 
localities where the diamond occurs being situated on the margins of 
the area, it may with a considerable degree of probability he assumed 


Madras. 

Karnul Formation. 


. ^ Absent. 


:| 


Klinndair sbtiles and liinostones. 

Panenm quartzites. 

Jamalmadgu shales and limestone. 
Banaganpilly sandstones (diamonds). 


* Part I, page 03. 
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(notwitbstandiiig possibly faulted boundaries), that the matrix is in a 
bed close to the base of the formation. 

With regard to the minor areas, the Bhadrachellum diamonds, if 
there be any truth in the story that diamonds were once found there, 
may perhaps have been derived from some of the Karnul or Vindhyan 
rocks in the neighbourhood of the Godavari. The geology of the Chutia 
Nagpur localities is not yet fully known ; it is possible that in their 
vicinity an outlier of the Mahanadi-Godavari representatives of the 
Vindhyan rocks may exist. 

The Simla diamonds, if the find be authentic, are of considerable 
interest, for although, as has been shown, diamonds per se do not afford 
evidence sufficient for exact correlation, still when it is remembered that 
according to some authorities the older palaeozoie rocks of the Hima- 
layas present certain points of resemblance with those of the Peninsula, 
the possibility of the matrix containing these diamonds being on a 
horizon comparable to that in the Banaganpilly group of the Karnul 
(L, Silurian?) formation cannot fail to suggest itself. As particulars 
regarding the exact ground whence the diamonds were brought are not 
available, it would be useless to enter further here into any account of 
the geology of the neighbourhood of Simla. 

Some interesting remarks * have recently been published upon the 
correlation of the Vindhyan rocks of India, with certain series occurring 
in South Africa, to one of which the sandstones of the Table Mountain 
belong. The possibility of the original matrix of the Cape diamonds 
therefore belonging to a period or horizon directly comparable to that 
which includes the Indian diamonds is a subject worthy of future inves- 
tigation. It is noteworthy that a rock very similar to Indian lateriie 
appears to occur in the same parts of Africa, and that our Gordwana rocks 
are also represented in that country. A comparison of the geology of 
Borneo with that of India may also prove productive of interesting 
results in this respect. 

The examination of the diamond-bearing strata of India has not 
resulted, so far as is known, in throwing any definite light on the yet 
unsettled question as to the conditions under which the crystallization 
of carbon took place, thus forming the precious gem which has occupied 
so important a position in history. Light regarding the subject seems 
destined to reach us indeed from another quarter, and it is to the 
synthetical operations of the laboratory, which, it is needless to point 
out, have made such great advances in this direction of late years, 
especially in the hands of Mr. Hannay, that we must look for the true 

i C. L. Gricsbaoh. Records, G. S. I., Vol. XIII, p. 86. 
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explanation. The final result of these operations will probably, it is 
thought, confirm Liebig^s view that diamond has been formed by ciy»- 
tallization from a liquid hydro-carbon, the carbon having become concen- 
trated and purified by a steady abstraction of C. H.4. 

But the absence of any clear evidence on the subject may be due 
to the fact that it is still a matter of doubt whether in any single 
recorded case in India a diamond has been found in its original matrix. 
The lowest diamond-bearing stratum, at the base of the Kamul series 
is itself a detrital conglomerate, and it is not unreasonable to suppose 
that the diamonds may, like the other ingredients, have been derived 
from some older metamorphosed rocks. 

Mr. King^ discusses some apparent cases of mines in the Kada|^ 
series of rocks which underlies the Karnul series, but he says there is 
still a doubt as to whether true rock-workings in these beds were ever 
successful.^^ 

Captain Newbold, when referring to this subject, without much diffi- 
culty disposes of Captain Franklin^s suggestion that the beds contain- 
ing the diamonds of Panna may have been roasted by the ignition 
of coal seams, which he believed underlay the diamond-bearing rocks^ 
but which really have no existence. He then remarks : — It is fully 
proved, I think, from the experiments of Sir David Brewster, that the 
diamond has once been in a soft state, like amber, opal, or the tabashir. 
Minute cavities, surrounded by a compressed structure, analogous to 
those in the Laske diamond, are seen in several specimens of the Indian 
gem which have been brought to me by the diamond merchants.^^ He 
appears to have been disposed to favour the native idea that the 
diamond is reproduced in the soil, and says that the old miners told 
him that a term of fifteen or twenty years was requisite for the repro- 
duction of the gem. They were in this belief led to rewash old tailings, 
and accounted for the fact of the diamonds found in them being so 
small by saying that they had not had time to grow larger. An un- 
believer in this hypothesis would be inclined to suggest that the small- 
ness of the diamonds accounted for their having eluded the searchers 
in the first washings. The same story is alluded to by many of the 
other writers whose descriptions are quoted in this account. Some of 
them appear to have thought, with Newbold, that there was something 
in it, while others pointed out that diamonds in all probability escape 
the first examination in consequence of an encrustation which subse- 
quently being broken up and decomposed by exposure to the atmosphere, 
the gem became visible in the later washings. 

1 Mera., G. S. I., Vol. VIH, p. 8a. 



Economic Geology. ] MADRAS : KADAPAH (OR CUDDAPAH) district. 9 

Madras: Kadapah (or Ouddapah) District. — Within the 
limits of the Kadapah district the principal localities where diamonds 
have been worked for are, according to Mr. King, Cunnapurtee and 
Woblapully (or Obalumpally) near Chennur, but on opposite banks 
of the Pennair river, and Lamdur and Pinchetgapadu west of Chennur. 
The District Manual mentions also Goulagoonta or Jamalamdugu, 
Goorapur and Hussanapur or Doopaud. With reference to the last named, 
proposals were made in 1804 by Colonel Munro to increase the num- 
ber of mines in twelve mouths to thirty; all diiamonds of more tbAD 
a pagoda in weight (=16 carats according to Heyne) ware to bdoome 
the property of Government I 2i percent, of ihe value of aH ffioiallOt 
ones was also to be paid. The expense of working the minesj it was 
calculated, would be Be. 24,030 annually. It is stated that thirty years 
previously the miners paid Rs. 50,000 annually to the Government. 

In an account of his visit to Gandicota Tavernier mentions that the 
Nawab had employed 12,000 men, for a year, to search for diamonds in 
this neighbourhood, but all that were found were of such bad quality 
that the mines were abandoned. These mines collectively are generally 
referred to under the title of 

Chennur or Chinon, Lat. 14° 34'; Long. 78® 51' 80', This is a 
village near Kadapah town, where there are deserted pits, which were 
sunk in gravels, derived from the disintegration of the Banaganpilly 
quartzites, and lying below the black cotton soil or regar. The mines 
were leased for a time by a Mr. Richardson, of Madras, who applied to 
the Collector of Kadapah for permission to work them in 1869, at the 
favourable rent of Rs. 100 per annum. This attempt has not been 
attended with success,' but there are accounts of two diamonds having 
formerly come out of this field which were eventually sold, respectively, 
for £5,000 and £3,000.2 

Cunnapurtee appears to be identical with the Condapetta of Dr. 
Heyne and Captain Newbold; the detailed account by the latter is per- 
haps of sufficient interest to be quoted in extemo. He says*^;— 

Condapetta the mines are generally of a square form, and 
from 4 to 12 feet deep. The stratum cut through is of cotton soil, 
mixed with small grains of quartz, generally from S to 10 feet thick, 
which rests immediately on a bed of rolled stones of various sizes, 
from that of a paving stone to a nut, in which the diamonds are found, 
generally loose, but sometimes adherent. The stones are mingled with 


' Viit Cuddapnh District Manual, p. 25. 

* King. Records, G. S. I., Vol, II, p. 9; and Mem., G. S. I., Vol. VIII, p. 266. 
> Jour., Roy. As. Soc., Vol. VII, p, 226. 
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mud and gravel. The pebbles most commonly mot with are ferruginous, 
gritty, and schistose sandstones, sandstone-conglomerates including rolled 
pebbles of quartz, chert and jasper, claystone porphyry, with crys- 
tals of felspar ; blue jasper, veined with oxide of iron ; coarse, red 
jasper and quartz crystals. Some of these pebbles have evidently been 
transported from the adjacent hills, but the porphyritic and felspathic 
pebbles must have travelled a much greater distance. Near the base of 
the hills the cotton soil is covered with the red gritty earth, arising from 
the disintegration of the sandstone rook. 

The process of mining consists merely in digging out the rolled 
pebbles and gravel, and carrying them to small square reservoirs raised 
on mounds having their bottoms paved with stones, and washing them 
carefully. At the foot of the mound is a clear space surrounded by 
heaps of refuse, where the washed gravel is again carefully spread out 
and examined in presence of the diamond contractors ; the diamonds are 
easily recognized in the moist state by their peculiar lustre. These 
mines are let out by the Government to native contractors, who gave me 
the following information on the spot. In 1834, the mines proved pro- 
fitable, but in the following year the miners lost a considerable sum. 
The sum paid to Government by them for the privilege of mining a 
pieqe of ground 100 yards long by 50 broad, for four months, is Rs. ^00. 
In 1840, the contract rose to about Es. 250. When a diamond of more 
than a gold pagoda in weight (=52-56 grains at Madras) is found, it is 
sold by public auction, and one-third of the proceeds goes to Government, 
the remainder to the mining contractor. 

Dry weather is selected to carry on operations to avoid the incon- 
venience and expense of draining. In former days all the diamonds 
produced were carried for sale to Golconda, In those times very large 
diamonds were found, but subsequent to British ascendancy — which, accord- 
ing to the superstitious natives, is by no means pleasing to the tutelary 
deities of the mines — few of any value have been found, probably in 
consequence of their being less looked after. However, lately, in 1839, 
a fine diamond of the Kshatriya or roseate caste was dug from the Oba- 
lumpally mine, exceeding a gold pagoda in weight, which was sold for 
Es. 1,450.^^ 

Both Dr. Heyne and Captain Newbold, when describing their visits 
to these mines, mention that the natives objected to their approach- 
ing them on horseback, as it would, they said, irritate Ammawaru or 
Lakshmi, the sanguinaiy goddess of riches, who was the patroness of the 


^ Tracts, p. 95. 
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mines. Newbold elates that he witnessed sacrifices which were made to 
propitiate her. The different pebbles considered indicative of the presence 
of diamonds bore the following names in Tellegu : Telia hendu, decomposed 
hornstone ; Binga hendu, transparent quartz ; Patcha bendu, epidote j Gajju 
hendUj pebbles with an ochreous encrustation ; Baggira^ jasper of various 
colours ; Karla, basalt ; Yem lendu, sandstone ; Kanna, small globular 
ironstone ; Korund or Corundum, this is considered to be the best sign. 
Besides these there are many other pebbles, chiefly varieties of sandstones. 

WoBLAPULLY OR Obalumpalry, &c., Lat. 14° 84'; Long. 78° 51 ' 85/ 
Under one of the various aliases by which this place is known, it is refer- 
red to by Heyne,' Voysey,^ Newbold,^ and King.* The first mentioned 
gives the following account of the mines. He says that they were dis- 
covered about 40 years before his visit, which took place in the year 1795, 
and that they were the most recent in this tract. The diamonds which 
were found were flat or round, not showing the crystalline form, but were 
of superior lustre and hardness and better than those found further west. 
A few days after his visit one was found weighing 14 carats, which was 
valued at 200 Madras pagodas, or about £90. 

He gives an elaborate list of the prices at the mines of rough stones 
free from flaws, &c. A stone of 1 manjely or 2 carats weight, if 
belonging to the first or Brahmin class, was worth about £9, but if of the 
Sudra class, only half that sum — the other classes having intermediate 
values. A stone of 8 manjely, or 16 carats, if of the Brahmin class 
was worth £180, and if of the Sudra £135. The lessee of ten mines in 
this neighbourhood, including Condapetta and Obalumpally, paid to the 
Company 130 pagodas (=£57-4-0). On all stones which were found, 
weighing above a pagoda or 16 carats, he had to pay to the Company 
one-third of the value. From the lessee Dr. Heyne understood that an 
expenditure of 2,000 pagodas yielded 5,000 pagodas, but the business 
was a lottery in which there were blanks as well as prizes. Lamdur and 
Pinchetgapadu, localities in the taluk next to Chennur and which were 
mentioned by Heyne and Newbold,^ the latter quoting from Hamilton, 
do not appear on modern maps, 

Bellary District. — Muntmadagu, Lat. 15° 1 7'; Long. 78° 2' 80/ 
In the neighbourhood of Munimadagu, 16 miles west by south of 
Banaganpilly, there is a continuation of the diamond-bearing strata, 
which cover the older Kadapah rocks as with a thin skin. The locality 

* Tracts, p. 98. 

2 As. Rea.. Vol. XV, p, 127. 

* Jour., Roy. As. Soc., Vol. VII, p. 226. 

^ Mem., G. S. I., Vol. VIII. 

* Madras Jour, Lit. and Sci.., Vol. Ill, p. 120. 
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is described both by Mr, King* and Captain NewboldJ The mines have 
long been deserted, but according to the last named authority, there was 
in his time a colony of diamond polishers in the town. He gives diagrams 
of the apparatus which they used for polishing, and states that they not 
only employed diamond dust for this purpose, but also understood how to 
avail of the natural cleavage of the stones. The Bellary District Manual^ 
has an interesting account of these mines. Though there is now no 
systematic mining, diamonds are still occasionally found, but no revenue 
has been raised on the mines since 1813. The conditions under which 
they were worked under the Native Governments were— 

1. All diamonds weighing one pagoda and upwards to be the property 

of Government; 

2. On others a royalty of two and a half per cent, to be paid to 

Government; 

3. A monthly nazzar of one Madras pagoda to be paid for each 

mine. About the year 1770 half a lak/i^ or £5,000, was paid 

under this head. 

Many Guzerat merchants settled here and their descendants still reside, 
but the ruins of wells, &c., are the sole testimony to the former wealth and 
importance of the place. After the district was ceded, 30 mines were 
in operation, which between the years 1803 and 1833 yielded an annual 
average revenue of only Its. 3,600. During this period only seven dia- 
monds weighing more than a pagoda were found, and the leases gradually 
expired and were not renewed. Mining was a hereditary trade followed 
only by a class of Balijas called Gunekara. Further information is stated 
to be given in the documents enumerated below. ^ 

Wajra Karur, Lat. 2' ; Long. 77" 27' (A. S., 58 & 59). The 
description of Munimadagu given above from the Bellary Manual appears 
to be in part applicable to mines at this locality also, as both are men- 
tioned together. Captain Newbold, in 1836, records the bare fact that 
diamonds were formerly found here.'* 

Guti or Gutidrug, Lat. 15° 7'; Long. 77° 42' (A. S., 58). This 
locality is mentioned by Heyne ® as having mines near it ; possibly he 
referred to Munimadagu and Wajra Karur, as it lies between them ; no 
other authority alludes to it. 

' .Tour., Koy. As. Soc., Vol, VIl, p. 230 ; and Madras Jour. Lit. and Sci., Vol. XT, p. 48. 

a Madras, 1872. 

* Letter from Colonel Munro to the Board, 24th July 1804, ; No. 748 from Collector to 
Board, 24th December 1814 ; and Board's monthly volume for March 1869, p. 1670. 

* Madras Jour., Lit. and Sci., Vol. Ill, p. 121. 

* Heyne’s Tracts, p. 94. 
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Eamul District — Mr. King has given the following list of dia- 
mond localities in the Karnul District : ‘ 


BanagAnpilly 

Ramulkota 

Tiinapooram 


Goody paud 
nannoor . 
Devmioor . 
Sliaitancotah 
Deoniurrooh 

Taiidrapad 

Buswapoor 


. 87 miles S.S.E. of Kariiul. Rock workings worked. Lat. 15* 18", 
80"; Long. 78° 16' (A. S.. 76). 

. 18 miles W. by S. of Karnul. Alluvial washings worked. Rock 
workings deserted. Lat. 15° 34'; Long, 78° 8' IS"' (A. S., 68). 

. 6 miles E. S. E of Ramulkota. Rock workings d.serted. Lat. 
15° 32' 80"; Long. 78^ 6' 30" (A. S., 68). 

[24 miU‘3; S.S.E. of Karnul. Rock workings descr^fd. (Captain 
' 'A.S., 76). 

‘ / Nuudycotkoor taluq. Doubtful localities. (Captain J, G. Russell, 
* ( ieste.) 

. Right bank of Toongabiidra, E.N.E. of Karnul, Deserted. 

. Left bank of Toongabudra. Deserted. Lat. 15° 49'; Long. 78* 11' 
(A. S., 76.). 

. Left bank of Toongabudra. Alluvial deserted. Lat. 68° 51'; Long. 
78° 7' (A. S., 58). 

. Nullainullays. Rock workings and alluvial washings deserted, Lat. 
16° 25'; Long. 78° 43' 30" (A. S., 76). 


Banaganpilly, Lat. 15° 18' 30"; Long. 16' (A. S., 76). The 
diamond mines at this locality have been visited and described by many 
writers. Heyne,^ Newbold/ Malcolmson/ and Voysey ® have all left on 
record accounts of them. 

Mr. King's already mentioned report contains the latest and most 
authentic account of them. It will be best perhaps to quote from 
it a few passages verhatiniy at the same time stating that Mr. King 
refers those who are likely to be specially interested to Dr. Heyne for 
an account of the mines as they appeared when he saw them in the 
year 1808. 

Mr. King writes : — 

'^The quartzites of the Banaganpilly group form a cap, resting 
uncon form ably on the denuded surface of a much older set of shales and 
traps with some limestone bands • . , The quartzite covering is 

from 20 to 80 feet in thickness, and it is pierced here and there over 
the Banaganpilly end of the hill by shafts of 15 feet or less, from the 
bottoms of which nearly horizontal galleries are run to get at the seams 
of diamond gangue. The capping is composed of compact grits and 


» Mem., a. S. I., Vol. VII, p. 106. 

3 Tracts, p. 102. 

* Madras Jour, of Lit. and Sci., Vol, III, p. 120. 

^ Trans., Geol. Soc., Lond., 2nd series, Vol. V, pp. 541 and 568. 

* As. Res.. Vol. XV, p. 124. 
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sandstones in thickish beds above, and somewhat thinner bedded towards 
the bottom. 

Externally the rocks are hard and vitreous. At the level of the gal- 
leries there are hed^ of coarse pehhly conglomerate^ occasionally a breccia^ 
which are sandy and clayey, and with these run seams of more shaly 
and clayey stuff. There is no trace of the clayey constitution on the 
outside along the outcrop, nor are there any distinct bands of shales ; there 
arc only some sandy shales down at, or near, the bottom of the series* 

. .In the mines the coolies were picking out a seam of about 
fi or 8 inches in thickness, occurring with thicker and harder beds 
of sandstone, and which they said was the diamond layer ; this rock 
when brought to light turned out to be an easily broken-up damp, clayey 
conglomerate, and partly brecciated, of small rounded fragments and 
pebbles of black, red, green, and pale-coloured shales and cherts, and of 
quartzite with large and small grains of dirty and pellucid quartz. This 
was the rock extracted in all the mines then being worked. The gangue 
is pounded up, washed, sifted, and laid out to dry on prepared floors, 
after which the residue of clean sand is carefully examined in the hand, 
by the women and children of the working parties, for the precious gems. 
1 saw no diamonds in situ, nor did I see or hear of any diamond being 
found during my stay at Banaganpilly for four or five days at a time. 
Diamonds were brought to me which were reported to have been found 
in the mines ; but these were most disappointing on account of their 
minuteness, flaws, and dirty colours.^^ 

Large stones do not appear to have been found here : Captain Ncwbold 
says none of a value exceeding from Rs. 300 to 400. Mr. King saw 
one valued at Rs. 350, but which was said to have come from the 
Bellary district. Among the specimens which he saw, and which had 
regularly crystalline forms, the most valuable was only worth Rs. 10. 
He was able to trace the extension of the diamond-bearing stratum for 
several miles to the west beyond the region wherein it is worked. 

The diamond mines of Buswapur are briefly described by Captain 
Newbold in a paper published in the Journal of the Asiatic Society but 
as they were then deserted and overgrown with thick jungle, his account 
need not be reproduced. The same remark applies to all the other loca- 
lities which are included in the above list, except Ramulkota. 

Ramulkota, Lat. 15” 34'; Long. 78” 3' 15" (A. S., 58). The mines 
near Ramulkota are situated about 19 or 20 miles south-south-west of 
Karnul; they were excavated in the quartzites of the Banaganpilly 


1 Vol. XV, 1816, p. 890. 
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group.* When visited by Captain Newbold about the year 1840^ only 
20 men were at work, but during the dry season 500 were employed. 
In the wet season operations were wholly suspended owing to the pits 
becomiug full of water. The contractors held the mines from the Nawab 
for an annual payment of Rs. 750, and sublet them to the parties of 
operatives. The mines, though not spread over so large an area as those 
near Chennur, were deeper and more extensive. 

The diamonds seen by Captain Newbold wore of small size and not 
of regular crystalline form ; they were of white, grey, yellow, and green- 
ish tints. The processes of mining and washing were similar to those 
practised at Banaganpilly. Labourers received only four pice, or about 
three halfpence, and a meal of vice per diem. 

Mr. King states that there is no rock-mining carried on at present, 
but alluvial washing is practised, the material being dug from the edge 
of the alluvial plain close to the village. The northern base of the Gunny- 
gall range is covered with the deserted ruins of pits and heaps of broken 
stones. 

Raolconda. — The identity of Raolconda which was visited and des- 
cribed by Tavernier about the year 1 665 has long given rise to much 
speculation. The map of JeiBPerys published in 1768, and that of Rennell 
published in 1788, do insert Raolconda in the angle between the Bhima 
and Kistna rivers, and the exact stages to it mentioned by Tavernier ; 
but it is quite certain from the other localities also given that these 
routes were taken from Tavernier, and not from an independent source. 
Rennell indeed says so in his memoir. A much more trustworthy map is 
one by Colonel Colin Mackenzie, dated 1798, which was largely founded 
on actual surveys, and the original manuscript of which is now in the 
Surveyor Generals Office, Calcutta; in this Raolconda does not appear. 

Tlie writer of this was recently led^ to suggest that Raolconda might 
be identical with Rawdukonda, as it seemed to fit best with the distances 
given by Tavernier ; but the hy 2 )otheses depended on the value to 
given to his * league,^ which in this calculation was assumed to be equal to 
4,444g metres, and therefore, the ffos of Tavernier which contained four 
of these, was supposed to be equal to 11*12 miles. But as an alternative 
Ramulkota was suggested. Mr. King {in epist.) has since clearly shown, 
by identifying Tavernier^s stages, that Raolconda must have been at or 
close to Ramulkota. A necessary consequence of this is that Tavernier’s 
league cannot have exceeded 2 miles, and the gos was therefore equal to 8. 

1 King, W. Mom., G, S. I., Vol. VIII, p. 106. 

* Madras Jour, of Lit. and Sci., Vol. XI, p. 47 ; and Jour., Roy. As. Soc., Vol. VII, p. 231. 

* Jour,, As. Soc., Bengal, Vol. L, 1881, p. 36. 
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Taveruier^s description of the mines at Raolconda^ which are in all 
probability represented by the old workings now to be seen near BamuU 
kota, is as follows : — 

The strata containing the diamonds ranged from half an inch to an 
inch in thickness, and the gangue was hooked out with iron rods. Some 
of the stones were valued at from two to sixteen thousand crowns. The 
steel wheel was used for cutting/^ 

Tavernier gives an account of the polishing of the gems as practised 
there. His account of the great security of property, and system with 
reference to the sale of diamonds, together with the courtesy with which 
he was treated, will be read generally with interest, 

Kjstna and Godavari (Golconda) Districts. — Proceeding down 
the valley of the Kistna or Krishna river from west to east, the loca- 
lities where diamonds have been worked for are as follows : Kollur (the 
Gani Coulour of Tavernier), Wustapilly or Oostapully, Codavetty-Kallu, 
Atkur, Barthenypadu, Partial, or Gani Partial, Mulely or Mullavilly and 
Golapilly. 

Further west, indeed at Damarapad and Mala warm, lat, 16® 35' 8"; 
long. 79° 30', deserted mines exist, but there are no published particulars 
regarding them, unless they were the mines referred to by Tavernier as 
being situated beteen Coulour and Raolconda, and which were closed by 
order of the king on account of the brittle cbaracter of the diamonds 
found there. 

Kollur, Lat. 16° 80" ; Long. 80° 5' (A. S., 75). The identity of 

the modern Kollur with the Gani Coulour of Tavernier, which is written 
simply Gani by many English authors, has recently been discussed by the 
writer. ^ 

It is thought that perhaps it will not be considered unsuitable to 
reproduce this note, as so much interest naturally attaches to the history 
of the Koh-i-nur, which, it is believed, was found there. There being 
no space available in this volume for complete histories of all the famous 
gems, the reader is referred to any of the numerous works on precious 
stones for the well-known facts regarding the Koh-i-nur during the two 
centuries before it was taken to England. 

The mines at Gani, called also Coulour h\ 'he Persians, were situated, 
according to Tavernier, seven days^ journey eastwards from Golconda.® 
In a subsequent chapter * to that in which the above statement is made 

’ .Tour,, As. Soc., Bengal, Vol. L, 1881, pt. 2, p. 34. 

* Voyages, Liv. II, Chap. XVI, p. 804, Paris, 1677, 

. Chap. XVllI, p, 316. 
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he adds some details regarding^ the route, the itinerary being as 
follows : — 

The modern equivalents have been kindly supplied by Mr. King. 


Golconda to Almaspiude 3^ Gos. (? 24) 

Almaspinde to Kapor . , : 2 

Kaper to Montecour . . ( P=rMoonoo"o<ioo) . . . 2^ „ 

Montecour to Nagelpar . (=Nagoolpad) . . . 2 „ 

Nagelpar to Eligada li >, 

Eligada to Sarvaron . , (“Surra warvam) . . . 1 „ 

Sarvaron to Mellaserou . (==MailacLcroo) . . • 1 „ 

Mellaserou to Ponooour 1* m 


From Ponocour you have only to cross the river to Coulonr 
or Gaui. 


Total . 14:} Gos, 

The total of these items amounts to and in the English 

edition of the Travels^ amounts to ir;|. But it must be concluded that 
both tables contain misprints, since Tavernier expressly says that the 
distance was 1 3 J or 55 French leagues, the ^os being equal to I* leagues. 

Taking this league to be equal to 4,44*^^ metres, its value expressed in 
English miles would be 2*78, and therefore the //os (2*78 x 4) would be 
equal to 11*12 English miles, or rather less than the modern Indian 
stage distance of six coss^ or about 12 miles. From otlior considera- 
tions, however, it seems that this is too high a value for the league; as 
Tavernier used it, it was in fact only about 2 miles and tbe //os equalled 
therefore 8 miles and is doubtless the same as the of Heyne.^ Tlie 
distance of Coulour from Golconda was therefore, by the route taken by 
Tavernier, 110 miles. 

On the south bank of the Kistna west of Chintapilly, in lat. 10“ 
42' 30" north, and long. 80° 5' east, there is a diamond locality, which 
on an old engraved map, that by Thomas Jeffery s (London, 1708), is 
called Kalur or Gani, This, it may be thought, would finally settle 
the question ; but as has been said in reference to Raolconda, both this 
authority and Rennell evidently took their information from Tavernier, 
and not from inde]')endent sources. 

Fortunately a manuscript map by Colonel Colin Mackenzie, of the 
Nizamis dominions, which is dated 1798, indicates this locality as Coulonr 

* Lond., 1684, PaH U, Book II, p. 142. 

2 Heyne (Tracfci, p. 94) aientiona the yow as a term in use iu kis time (1795). It 
was, he says, equal to 8 miles. 
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and marks it as a diamond mine. Partial is written »tparatelg in its 
proper place as Gani-Purtial, and so also is a well-known intermediate 
locality at Istapully, and both are marked as having diamond mines. 
Still furtherj a route given by Tavernier between Golconda and Masuli- 
patam vid Coulour completely confirms this view. On the whole we are 
bound to conclude therefore that Tavernier^s Gani Coulour was not 
identical with Gani Purtial^ the modern Partial^ but with the modern 
Kollur as it is written on the atlas sheet, No. 7 5. So far as can be gathered 
from that map, its surroundings are not inconsistent with Tavernier^s 
description. He says the mine is close to a large town on the same river, 
the Kistna, which he crossed on the road to Raolconda, and that a 
league and a half from the town there are high mountains which are in 
the form of a cross. In the intervening plain the search for diamonds 
was carried on. The locality too, it may be added, is in the middle of 
presumably diamond-bearing rocks. 

Now, as regards this word Gani there is still a remark to be made. 
Its recurrence in the titles of two mines, which have been shown to be 
distinct, suggests that it was not a proper name, and that in fact it really 
meant ^ mine of^ being only a corruption of Kan^i} We know that 
the letters g and k are interchangeable in some Indian languages, and 
therefore no particular eflfort is required to accept the view that Gani 
Coulour meant simply the mine of Coulour, the modem Kollur ; 
80 that to speak of the mine of Gani as is often done is meaningless 
tautology. 

The following account by Taverniers shows the former extent of 
diamond-mining operations at this locality : — 

It is not above a hundred years since this mine was discovered by 
a countryman, who digging in a piece of ground to sow millet found 
therein a pointed stone that weighed above twenty-five carats. He, not 
knowing what the stone was, but seeing it glisten, carried it to Golconda, 
where, as it happened well for him, he met with one that traded in 
diamonds. The merchant, informing himself of the place where the 
stone was found, admired to see a jewel of that bigness, not having seen 
before one that weighed above ten or twelve carats. However, his report 
made a great noise in the country, insomuch that the moneyed men in the 
town set themselves to work, and causing the ground to be searched 
they found and still do find bigger stones and in greater quantity than in 
any other mine, for they found a great number of stones from ten to 

i * Punjab Manufactures/ p. 197. 

2 Travels, English Edition, 1684, Part II, Book II, p, 137» 
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forty caratSj and sometimes bigger, among the rest that large etone 
that weighed 900 carats, which Mirimgola presented to Aurengzeb. 

The first time I was at the mine there were about 60,000 persons 
at work — men, women, and children, the men being employed to dig, 
the women and children to carry the earth. 

After the miners have pitched upon the place where they intend to 
work, they level another place close by, of the same extent, or else a 
little bigger, which they enclose with a wall about 2 feet high. In 
the bottom of that little wall, at the distance of every 2 feet, they 
make small holes to let in the water, which they stop up afterwards till 
they come to drain out the water again. The place being prepared the 
people that are to work meet all together, men, women, and children, 
with the workmaster in the company of his friends and relations. Then 
he brings along with him some little image of the god that they adore.^^ 

After describing the worship of this and a feast of rice, he continues 

When the feast is over the men fall to digging, the women and 
children to carry earth to the place prepared in the manner I have already 
described. They dig 10, 12, and sometimes 14 feet deep, but when they 
come to any water they leave off. 

All the earth being carried into the place before mentioned, the men, 
women, and children throw the water which is in the drains upon the 
earth, letting it soak for two or three days according to the hardness of 
it, till it comes to be a kind of batter, then they open the holes in the 
wall to let out the water and throw on more water still till all the mud 
be washed away and nothing left but the sand, after that they dry it 
in the sun, then they winnow the sand in little winnows as we winnow 
our com. 

“ . . . The earth being thus winnowed, they spread it with a kind 

of rake, as thin as they possibly can ; then with a wooden instrument, 
like a paviour's rammer, about half a foot wide at the bottom, they 
pound the earth from one end to the other two or three times over. 
After that they winnow it again and then, spreading it at one end of the 
van for fear of losing any of the earth, they look for the diamonds. 
Formerly they were wont to pound the earth with great flintstones 
instead of wooden rammers, which made great flaws in the diamonds^ and 
is, therefore, now left off.^^ 

Identity of the Great Mogul Diamond with the Koh^Unur^ 

As the identity of the Great Mogul or Kollur diamond has been the 
subject of much controversy, the following note is inserted here since 
it properly comes under the head of Gani-Coulour or Kollur. Tavernier 
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atates that not only it but many other large stones were produced there, 
and he adds that in his time the miners still continued to find large 
stones in the same mines. 

Tavernier having gone to take leave of the Great Mogul (Aurengzeh) 
on the 1st of November 1665, was invited to return on the following 
morning to see the Emperor^s jewels. He says : * The first object 
which Akel Khan (the custodian of the jewels) put in my hands was 
the great diamond, which is a rose, round, very convex [haute) on one 
side ; at the edge of one side there is a small notch [cran) with a flaw 
in it. The water is perfection and it weighs 31 9 J ratu^ which are 
equal to 280 of our carats, the rati being seven-eighths of a carat. 
When Mirimgola, who betrayed the king of Golconda, his master, made 
a gift of this stone to Shah Jahfc, from whom it is descended, it was 
uncut and weighed 900 ratisy which are equal to 787 i carats, and it had 
many flaws. If this stone had been in Europe it would have been 
differently treated, for some good pieces would have been taken from it 
and the stone left much larger ; as it is, it has been almost polished 
away. It was Sieur Hortensio Borgio, a Venetian, who cut it, for 
which he was badly paid. They reproached him with having spoilt 
the stone, which ought to have remained heavier, and instead of paying 
him, the Emperor made him pay a fine of Rs. 10,000, ^ and would have 
taken still more if he had possessed it. If Hortensio had known 
his work better he might have taken some good pieces off without doing 
injury to the king, and without having expended so much trouble in 
polishing it, but he was not a very accomplished diamond- cutter.^' 

It is believed by some authorities that very large pieces, namely, the 
Orloff diamond and a stone now in Persia, were as a matter of fact cleaved 
off from the original Great Mogul. Certainly cleavage had as much to 
do with the shape of the Koh-i-nur as polishing. 

In the chapter on his visit to the mines at Coulour,* he says, as quoted 
above, that the Great Mogul diamond was found there. If this be true, 
and also that the mine was only discovered about 100 years before his 
visit, which took place between the years 1665 and 1669, then this diamond 
cannot have the great antiquity claimed for it by some writers, as has 
been alluded to on page 1. 

Tavernier^s third mention of it, which is accompanied by a figure, is as 
follows : This diamond belongs to the Great Mogul who did me the 
honour to show it to me with all his other jewels ; one sees the form 

* Voyages, Vol. II, Liyre, 2, p. 249. Paris Ed. 1677. 

* Even this item is variously stated by compilers who seem to have been the canse of 
tnnob Of the confusion that exists about the w^eights, &c., of this historical gem. 

»X, c.,p. 305. 
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which it received on being cut. On my being permitted to weigh it I 
have found its weight to be 319J ratis, which is 279^ of our carats. In 
its rough state it weighed, as I have said, 907 ratis, which ai'e 793 - 1 ^ 
carats. The stone has the same form as if one cut an egg in two.^^ 

He gives us therefore two different accounts of its weight in the 
rough, 900 ratis or 787^ carats and 907 ratis ov 193^^ carats. It is 
obvious that there is a mistake, as the two do not agree in any respect ; 
even the equivalent values calculated at 1 rail = ^ of a carat should be 
787^ and 793|. Already strange and unaccountable defects in Tavernier’s 
arithmetic have been pointed out. 

Different weights and measures appear to have been used in different 
parts of the country in his time, the mangelin = 1 | carats or 7 grains 
at Kaolconda and Coulour; the rati = ^ of a carat or 8 i grains 
at Soumelpour. If wo could with approximate accuracy fix the value of 
the rati mentioned by Taveruiei*, we might succeed perhaps in instituting 
a fair comparison between the Great Mogul and other diamonds. It seems 
to be difficult to believe that it equalled 3^ grains, as he states. In Nagpur 
in the year 1827, according to Mr. Jenkins, the rati was only 2*014 grains. 

The French grain was equal to about *77 of a troy grain, therefore since 
the rati contained of these, its value would have been 2*695, or say 
2*7 troy. This fact seems to have been overlooked by some who have 
endeavoured to reduce the weights given by Tavernier : non-experts too 
appear to have forgotten that the diamond grain is not identical with any 
other grain ; though our English carat contains four of these grains it 
only consists of 3*174 troy grains.* So calculated, the weight of the 
.319*5 V 2*7 

Great Mogul would be- — 3 . 174 “' ~ ^71 ‘78 English carats. If in this 

equation we could see our way to putting the value of Tavernier s rati at 
1*848 instead of 2*7, then the exact weight of the Koh-i-nur, when 
brought to England, or 186*06 carats, would be obtained. The value of 
the ancient Hindu rati, according to Mr. Thomas,^ was 1*75 grains, from 
which it gradually increased till in the time of Akbar it was fixed at 
1*9375 ; the mean of these, or 1*843, is nearly equal to the figure required. 
Supposing, however, that Tavernier’s rati equalled 2*7 grains as above cal- 
culated, the Great Mogid may have been mutilated during its travels, and 
this may account for the loss in weight, 271*78 — 186*06 == 85*72 carats, 
and for the difference in its shape from that of the Koh-i-nur when 
brought to England. At the same time it is probable that Tavernier’s 


^ Vide Encyclopffldta Britnnnica, Art. Diamond. 
2 Pcrcy’6 Metallurgy, Silver and Gold, p. 876. 
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Eketcb or diagram, as it might be called, which is here reproduced for 



Thb Great Mogul. The Koh-i-kue. 

(jPVo^rt sketch hy Tavernier^ {Before reeuttiny.) 


comparison, was from memory and was therefore more regular in outline 
than the original. The name Great Mogul was, of course, not of native 
origin, but was probably first conferred by Tavernier. By the natives 
it was in all probability originally known as the Kollur diamond. It 
has been suggested, if not absolutely stated by some native writers, that 
the title Koh-i-nur really owes its origin to a change in the originally 
meaningless name Kollur. Such changes, in which, while the sound is 
more or less retained, a meaning is acquired, are not by any means rare 
in Oriental languages, while they sometimes occur in those of Europe. 
Thus English surnames in the mouths of natives become changed into 
words of similar sound which have a meaning in Hindustani or whatever 
the language spoken may be. 

From the above it will be admitted that there are good reasons for 
believing in the identity of the Great Mogul or Kollur diamond of 
Tavernier with the Koh-i-nur. In spite of the slight differences in 
weight in his two statements, we cannot suppose that he saw two distinct 
diamonds, and the hypothesis that the Great Mogul diamond, as it was 
when seen \y Tavernier, still exists in Persia under a different name is 
wholly without foundation. 

WusTAPiLLY onOosTAPULLY ) Lat. 16° 40'; Long. 80° 28' 80^ (A.S. 

CODAVBTTY KaLLU J 75). 

Moonaloor or Moogaloor, Lat. 16° 88'; Long. 80° 28' 20* (A.S. 

75). 

Atkur or Atanou and Barthenypadu are close by. 

All the above belong to the Partial group, and, so far as they haye 
been mentioned by the different writers, the conditions of occurrence of 
the diamonds appear to be the same as those which obtain at Partial. 

The matrix is a detrital sub-recent bed resting on metamorphic rocks, 
the materials having been brought down from the adjoining tracts of 
Karnul rocks, in or on a portion of which the Kollur mines were situated. 
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Heyne gives the traditional account of the Codavetty Kallii tninc^ which 
states that at first bullock-loads of diamonds were discovered. 

PAiiTiiLL, Lat. 16" 39'; Long. 80" ^7' {A.S., 75)* This locality, 
which is commonly though erroneously supposed to have enjoyed the 
honour of having produced the Great Mogul or Koh-i-nur diamond, 
appears under so many different names that it may be best to mention some 
of them in order to remove any possible confusion. Ganipartal or Partal 
(Heyne*), Gani Parteala or Parteal (Voysey*), Parteal (Walker^), &c. 

Although it has been disputed it seems not improbable that the Pitt or 
Regent diamond was found in some one of these mines of the valley of 
the Kistna. A different account of its origin, given by Captain Newbold, 
seems to be incorrect. Captain Hamilton in 1727 ^ distinctly ref ers to it 
and the circumstances under which it was sold to Mr. Pitt. "When 
visited by Voysey in 1825 the only operations in progress at Partial 
consisted in researching the rubbish of the mines. 

When the Nizam ceded the Northern Circars to the British he was 
permitted to I’etain possession of all the village lands of this area in 
which diamond mines were situated, and these villages now stand isolated 
in the British Kistna and Godavari districts. The revenue derived from 
them by the Nizam at present, from ordinary agricultural resources, is 
not inconsiderable, but the diamond mines yield little or nothing. Eighty 
years before Heyne^s visit, or about the beginning of the 18th century, 
they belonged to a powerful zemindar called Ooparow, but on his dis- 
covering the diamonds, they were taken possession of by his sovereign, 
the Nizam. 

Voysey was of opinion that the diamond-bearing stratum was not 
nearly exhausted, being intact close to pits whence famous stones had 
been taken. In 1850 Dr. Walker saw two nlines only at work, and these 
were let for 8 annas each per month. He states that a searcher who 
makes Rs. 4 or 5 by the sale of the small diamonds deems himself for- 
tunate. As many of the mines were hollowed down to the rock he 
concluded that the tract was exhausted ; but this is scarcely probable, as 
the stratum in some cases extends under the villages where from super- 
stitious motives it has not been touched. 

Mulbli or Malavily, Lat. 16" 41' N.; Long. 80" 56' E. and Gola- 
TiLLY, Lat. 16" 43' SO"" N ; Long. 80" 57' E. The mines situated between 
these two villages may conveniently be treated of together. They are 


* Tracts, p. 94. 

s As. Res., Vol. XV, p. 126, and Jour., As. 8ac„ Bengal, Vol. 11, p. 404. 
» Madras Jour, of Lit. and Sci., Vol. XV, p. 186. 

* New Account of the East Indies, Vol. I, p. 366, 
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alluded to by Drs. lieyne, Voysey, and Benza, aud Captain Newbold ; 
but within tlie )>ej iod to which these records refer they do not appear to 
have been worked with much result, though Dr. Benza mentions some 
small diamonds liaving been found in a particular mine about the year 
1830. None of them are worked now. 

In reference to Muleli, Mr. King, who has recently written on the 
subject, says that the old workings are in pebbly sandstones of the 
Dudugut range, or in superficial deposits consisting of their debris. 
^J'liese sandstones belong to the Golapilly group, and rest partly on lower 
Gondwana and partly on metamorphic rocks. Mr. King considers it 
possible that they arc in part made up of the debris of Kamul rocks, 
though none are now exposed in the neighbourhood. 

Several of the writers mentioned above allude to the presence of a 
kunkur bod or calcareous travertin, in association with the diamond- 
bearing stratum, which, according to Dr. Benza, extended as far as 
Samuleotah, where it was said diamonds had also been found. 

It would be impossible to say now in what particular mines many of 
the famous diamonds, believed to have come from this so-called Golconda 
region, were found. Some of them possibly did not come from mines, 
but were casually found on the surface ; thus the Nizamis diamond, which 
has been described by Mr. Piddington,^ was about the year 1835 first 
noticed as a plaything witli which a native child was amusing himself. 
No earlier history of it could be ascertained; its antecedents, therefore, 
resemble Ihose of the earliest Capo diamond.® Very little is known about 
the weiglit and quality of this stone. Mr. Piddington, from a leaden model, 
estimated that in the rough it weighed 277 carats. His account was 
from information received from Captain Fitzgerald, who was attached to 
the Nizamis service. A different history of it is given by Captain 
Burton,^ who says it was found buried in an earthen pipkin by a sowar 
at Narkola, 20 miles east of Shamsabad. It is said to have then been 
broken in three pieces, the largest of which is supposed to weigh 375 carats ; 
but there is a great deal of mystery about this stone. 

BHADUAcnELLUM. — This locality on the Godavari is mentioned by both 
Voysey and Newbold as being one where diamonds were sought for, a 
not altogether improbable supposition ; but no particulars are known. 
Bengal: Chutia Nagpur. — The upper portion of Ptolemy^s 
passes through a district named Coeconage, which would include Chutia 

1 Mem., G. l„ Vol. XVI, page 59. 

= Jour., As. Soc., Bengal, Vol. XVII, p. 152. 

Jour., Soc, of Arts, April 1881. 

‘ Quarterly Journal of Science, Vol. VI, n«w series, p. 351. 



Manual of the Geology of Tnilia, Vol. TIT. Map II, 
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Nagpiar. Indepe'ndentljr of this, however, there ate good reasons for 
believing that diamonds were found in Ohutia Nagpur. The following 
notices on the subject are from a paper by the late Mr. Blochmann* : — 
Kokrah (the ancient name of Chutia Nagpur) was known at the 
Mogul court for its diamonds, and it is evidently this circumstance which 
led the generals of Akbar and Jahangiri to invade the district. I have 
found two notices of Kokrah in the ^Akbarnamah ^ and one in the 
^ Tuzuk-i-Jahaiigiri,^ from which it appears that Chutia Nagpur was ruled 
over in 1585 by Madhii Singh, who in that year became tributary to 
Akbar. He was still alive in A. D. 1591, when he served under Man 
Siugli in the imperial army which invaded Orissa. ^ Tuzuk-i- Jahangiri ^ 
(p. 155) : — On the 3rd Isfandiarmuz of the 10th year of my reign (A.D. 
1016), it was reported to me (Jahangiri) that Ibrahim Khan (Governor 
of Bihar) had overrun Kokrah and taken ^possession of its diamond- 
washings. This district belongs to Subah Bihar, and the river which 
flows tlirough it yields the diamonds. When the river contains litfcle 
water, tumuli and hollows are formed. The diamond-diggers know from 
experience that those tumuli chiefly, contain diamonds over which insects, 
called by the Hindus hover. They pile up stones on all sides 
of the tumuli, and then cut into them with hatchets and chisels and 
collect the diamonds from among the sand and stones. {Sometimes 
diamonds are found of the value of a lakh of rupees each. The district 
and the diamond river are in the possession of the zamiiidar Durjan 
Sal. The governors of Bihar frequently sent detachments into Kokrah ; 
hut as the roads are forlilied and the jungles impenetrable, the governors 
wore generally satisfied with a tribute of two or three diamonds. When 
1 appointed Ibrahim Khan Governor of Bihar, vice Zafar Khan, I told 
him at the time of departure to invade the district and drive away the 
unknown petty llaja. No sooner had Ibrahim entered on his olEco 
than he prepared himself to invade Kokrah. The Riija, according to 
custom, sent a few diamonds and elephants ; but Ibrahim was dissatisfied 
and invaded the district before the Rajah could collect his men. When 
he received news of the invasion he was already besieged in the pass 
where he used to reside. Some of Ibrahim^s men who had been sent 
out to look for him found him with several persons, among them his 
mother, another wife of his father, and one of his brothers, concealed in a 
cave. They were deprived of the diamonds in their possession. Twenty- 
three elephants besides were taken. . . . The district is now subject 

to me. All diamonds found in the river are forwarded to court. Only 


’ Jour,, A«.Soc., Bcngfil, Vol. XL, p. 113. 
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a few day® ago a diamond arrivied which had a value of Rs. 60,000 and 
I hope many more will be added to my store of jewels/ Mr* Blochmann 
believed that the diamond river alluded to was the Sunk. 

To the present day a spot in the Sunk is pointed out by the 
inhabitants as being a place where diamonds were washed for, and on 
Renneirs map of India, published in 1788, a diamond mine is indicated 
on that river. 

Mr. Blochmann gives a quotation from a history of the Maharajas 
of Chutia Nagpur, in which is described a method of testing diamonds 
for flaws by affixing them to the horns of fighting rams, and states 
that— 

Jabangiri says the diamonds which Ibrahim Khan had brought from 
Kokrah had been given to the grinders. ^ They were now submitted to 
me, and among them is one which looks like a sapphire. I have never 
seen a diamond of such a colour. It weighs several ralis, and my 
lapidaries fix its value at Rs. 3,000, though they would give Rs. 20,000 
for it if it were quite white and stood the full test/ 

Colonel Dalton ^ has recorded that the Raja of Chutia Nagpur’s family 
still possess a diamond valued at Rs. 40,000 from these now fabulous 
mines. As illustrating the methods by which English officials in the 
olden time shook the pagoda tree, the following will be read with interest. 
In the year 1772 the Raja appeared before Captain Camar, commanding 
a force in Palamow, and after exchange of turbans acknowledged himself 
as a vassal of the Company. 

In regard to this exchange of turbans, writes Colonel Dalton, 
'' the family annals tell a strange talc. In the Raja’s turban were some 
very valuable diamonds, whicli it is insinuated had excited the cupidity 
of Captain Camar. The proposal for the exchange emanated, it is said, 
from him. He declared it was the English method of swearing eternal 
friendship, but the Captain had no diamonds in his head-dress, and the 
Raja evidently concluded that he had been rather ^ done ’ by the Com- 
pany’s officer.” 

This story is so like one, however, which is told of Nadir Shah in 
reference to the Koh-i-nur that it is possible that it may be apocryphal 
as regai-ds this locality. 

The basins of the Sunk and its sister river, the Southern Koel, are 
situated to the south of a line of watershed which separates the sub- 
division of Palamow from the rest of Lohardaga. Neither the geology of 
this watershed nor that of the valley of the Sunk are as yet accurately 


^ Etbuology of Bengal, p. 163N, 
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known, and it remains to be seen whether any representative of the usual 
diamond-yielding rocks of Vindhyan age occur there. 

SouMELPOUH— ‘ If we are correct in assigning the diamond localities 
mentioned above to the basin of the Sunk, it is almost certain that there 
were also others to the north of the watershed. These were visited by 
Tavernier about the year 1665. 

He says * ; — I come to the third mine, which is the most ancient of 
all, and in the kingdom of JBengala. You may give it the name of Soumel- 
pour, which is the name of the town next to the place where diamonds 
are found, or rather Gouel, which is the name of the river in the sand 
whereof they find the stones. The territories through which this river 
runs belong to a Raja who was anciently tributary to the Great Mogul, but 
revolted during the wars between Shah Jehan and Jehangir, his father. 
So soon as Shah Jehan came to the empire he sent to demand tribute from 
this Raja, both for the present and the past, who, finding that his 
revenues were not sufficient to pay him, quitted his country and retired 
into the mountains with his subjects. Upon the news of his refusal Shah 
Jehan, believing he would offer resistance, sent a great army against 
him, persuading himself that he should find great store of diamonds in 
his country. But he found neither diamonds nor people, nor victuals, 
the Raja having burnt all the corn which his people could not carry 
away, so that the greatest part of Shah Jehan's army perished for hunger. 
At length the Raja returned into his country upon condition to pay the 
Mogul some slight tribute.^^ 

Then follows an account of the route travelled over by Tavernier 
from Agra ind Allahabad and Rhotas to Soumelpour. He conti 
nues : — 

Soumelpour is a great town, the houses whereof are built of earth, 
and covered only with branches of coco trees. All these 30 leagues 

from Rhotas to Soumelpour), you travel through woods, which is 
a very dangerous passage, because the robbers, who know that the mer- 
chants do not visit the mine without silver, are in wait sometimes to 
take it from them. 

The Raja lives half a cohU from the town in tents, set upon a fair 
rising ground, at the foot whereof runs the Gouel, descending from the 
southern mountains and falling into the Ganges. 

This is the manner in which they search for diamonds in this river 
after the great rains are over, which is usually in December. They wait 
all January till the river be clear, by reason that by that time in some 


‘ ‘ Voyoges/ Vol. II, livre II., p. 308, Paris, 1677. 
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places it is not above 2 feet deep^ and in several places the sand lies above 
the water. 

About the end of January or the beginning* of February, both 
from the town of Soumelpoiir and from another, which is 20 coster higher 
up the same river, and from some smaller villages of the plain there pour 
forth about eight thousand persons, men, women, and children, that are 
able to work. They that are skilful know by the sand whether there be 
any diamonds or no, when they find among the sand little stones like to 
those we call ^ thunder stones/ ‘ They begin to malve search in the 
river from the town of Soumelpour to the very mountains from whence 
the river falls which are about 50 castes from the town. 

Where -they believe there are diamonds they encompass the place 
with stakes, faggots, and earth as when they go about to make the arch 
of a bridge to drain all the water out of that place. Then they dig out 
all the sand for 2 feet deep, which is all carried and spread upon a 
great place for that purpose prepared upon the side of the river, encom- 
passed with a little wall about a foot and a half high. 

When they have filled this place with as much sand as they think 
convenient they throw water upon it, wash it, and sift it, doing in 
other things as they do at the mines, which I have above described. 

From this river come all those fair points which are called natural 
j)oints ; but a great stone is seldom found here. Many years have 
passed during w'hich stones from these mines have not been seen in 
Europe. It is this which has made many merchants believe that the 
mine has been lost, but it was not so. It is true, however, that nothing 
has been drawn from the river for a long time.^^ 

As to the identity of this Soumelpour, since it was situated on the 
river Gouel which flowed northwards to the Ganges, it must have been 
somewhere in the basin of the northern Koel river and probably within 
the limits of Palamow. JefiEerys in his map of 176B so places it, but 
evidently on Tavernier^s authority, and not from independent evidence. 
Much depends on the equivalent value of Tavernier^s SO costesj and the 
nearest approximation which can be made is 81 miles.^ Now at about 
this distance south of Ehotas there are on the banks of the Koel the 
remains of an old town called Semab, lat. 23° 35'; long. 84° 21', which 
is probably the same as Semul, the native name of the silk cotton tree 
[Boinbax. 7/ialabaricum) , and Semulpur might very easily be Tavemier^s 

* Can there be any coniiociioii between these so called ilumder stones or pierres de 
tonnerre of Tavernier and the jhingaa mentioned on a previous page ? Jhinga may have 
been a technical term. 

^ Vide Jour., As. J?oc,, Bengal, Vol, L, 1881, p. 39. 
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Soumelpoun Of use as collateral evidence of the supposition that there 
were diamond workings in this vicinity is the fact that a large picture 
by a cotemporary artist^ representing the attack on the foil of Palamow 
in 1660 by Daud Khan, which has been described by Colonel Dalton/ 
contains a figure of the Zamindar^i-kan-i’^aknas, or lord of the diamond 
mine, who is considered to have been a Kol Nagbansi Raja. It seems 
probable enough that he was the identical personage whom Tavernier 
found in authority at Soumelpour only five years later. 

If this identification be correct then it would seem probable that the 
source of these diamonds was situated in the same hills as those which 
separate the basins of the Northern Koel and Sunk rivers respectively. 

There is one noteworthy allusion of Tavernier^s in the above quota- 
tion, and that is to the fact of Indian diamonds going to Europe long 
before his time. It proves that those writers who have maintained that 
he first introduced the diamond into Europe are in en’or. Even in Marco 
Polo^s time, however, and possibly many centuries before it, there was an 
existing trade as already stated. 

There are several notices of diamonds having been found in the 
tributaries of the Mahanadi, which take their rise in the Chutia Nagpur 
States of Jashpur and Gangpur, but these statements require confirmation. 
The Ebe near its sources in Chutia Nagpur is commonly called the [lira 
or diamond river by the natives, and it has also been supposed by some, 
but apparently without good foundation, to carry down diamonds to the 
Mahanadi. 

In a very remarkable journaP^ by a Turk named Mustapba, who had 
been educated in France, we find an account of some of the countries 
traversed by the author between Bengal and Masulipatam in the year 
1758. His course was a circuitous one leading him so far to the west 
as Chutia Nagpuiv Unfortunately the manuscript stopped short at 
Sambalpur. South of Jashpur he seems to have crossed the Main Pat. 
After describing a severe climb he writes : These passes are called Ghats 
in Hindustani, that of Ramghur ; so dangerous of itself was a mere walk to 
this of Jashpur. Diamonds are to be found in these mountains. There 
are stones also in the country round Gangpur, 30 cosies further, as well as 
at Samalpur. In a word all along the banks of the Ib (Ebe) , which, taking 
its rise near Nowagurh, where it makes a cataract, runs towards the south 
as far as Samalpur, where it turns eastwards, waters Badrar ( ?=B6d), 
and Catlaur, and empties itself, I suppose, between Cuttack and Balasorc.^^ 

» Jour., As. Soc., Bengal, Vol. XLIII, Part I, p. 240. 

* Dalrymple’s Oriental Repertory, Vol. II, 1808, p. 261. 



so 


aEOLOOY OP INDIA«-DTAMONa 


t Chap. 1. 


Central Provinces. — In the Central Provinces diamonds are known 
to have been found in two districts, namely, in the neighbourhood of 
Sambalpur on the Mahanadi and at Wairagarh in the Chanda district. 

Sambalpur District.— Some uncertainty exists as to how far the 
early notices of the diamond-bearing localities of Gondwana are appli- 
cable to those situated in the Mahanadi basin. According to Ptolem 3 r^s 
map* the Adamas flows into the Gangeticus sinus (Bay of Bengal) 
midway between Cosamba on the north (Balasorc ?) and Cocala 
(Sicacole of Arrowsmith^s map, the modern Chieacole). The Dosaron 
and Tyndis rivers probably represent the Godavari and Kistna, so that 
it is very likely that the Adamas may safely be identified with the 
Mahanadi. Ptolemy represents the Adamas as flowing through the 
country of the Sabar®, across which runs the following description : — 
Apud quos Adamas est hi copia^^ which is otherwise given in an earlier 
edition of the map.^ Sabam i his hahundai Adamas,*^ The upper 
portion of the river passes through a region named Cocconage, which 
would include Kokrah or Chutia Napgur. 

The first visit to Sambalpur of which there is any published account 
is described in the narrative of a journey which was undertaken by 
Mr. Motte in the year 1766.^ The object of this journey was to 
initiate a regular trade in diamonds with Sambalpur, Lord Clive being 
desirous of employing them as a convenient means of remitting money 
to England. His attention had been drawn to Sambalpur by the fact 
that the Raja had, a few months previously, sent a messenger with a 
rough diamond, weighing 16 1 carats, as a sample, together with an 
invitation to the Governor to depute a trustworthy person to purchase 
diamonds regularly. The Governor proposed to Mr, Motte to make 
the speculation a joint concern, in which,^^ writes the latter, I was 
to hold a third ; he the other two ; all the expenses to be borne by the 
concern. The proposal dazzled me, and I caught at it without reflecting 
on the difficulties of the march, or on the barbarity of the country, 
&c.^^ 

In spite of his life being several times in danger from attacks by 
the natives, the loss of some of his followers by fever, and a varied chap- 
ter of other disasters, Mr, Motte was enabled to collect a considerable 
amount of interesting information about the country. Owing to the 

* Asi® X. tab. Geographi® libri Octo, Qr, et Lat, Opera P. Bertii Lugduui.” Bat. 
1618. Fol. 

2 Tab. X. ** Cosmograpbi®,” libri viii. Lat, Justi de Albano, Ulmae. 1486. Fol. 

* ** Asiatic Annual Register,” London, 1799. The account given in Hnuiilton’s Hin- 
dustan,*' Vol. II, p, 20, is evidently taken from Mr. Motte. 
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disturbed state of Sambalpur town, however, he was only able to pur- 
chase a few diamonds. After much prolonged negotiation he was per- 
mitted to visit the junction of the Rivers Hebe (Ebe) and Mahanadi, 
where the diamonds were said to be found. A servant of the Rajahs, 
who was in charge there, informed him that it was his business to search 
in the River Hebe, after the rains, for red earth, washed down from the 
mountains, in which earth diamonds were always found. I asked him if 
it would not be better to go to the mountains and dig for that earth. 
He answered that it had been done until the Mahrattas exacted a 
tribute from the country, and to do so now would only increase that 
tribute. He showed me several heaps of the red earth — some pieces of 
the size of small pebbles, and so on, till it resembles coarse briek-dust — 
which had been washed and the diamonds taken out.^^ The description 
suggests laterite as the matrix from which the diamonds were proxi- 
mately derived. Messrs. Hislop and Hunter vide infra describe the dia- 
monds of Wairagarh as occurring in laterite gravel. In this connexion it 
may be noted that one of the sources of Cape diamonds is said to be a 
ferruginous conglomerate. 

The next account is by Dr. Voysey,* who visited the diamond wash- 
ings in Sambalpur in 1823 when on his last journey from Nagpur to 
Calcutta. He states that diamonds were only found below the junc- 
tion of the Ebe river with the Mahanadi, but other authorities place 
the limit much further up, namely, at the junction of the Mand and 
Mahanadi rivers. The miners were at work in the channel between 
the island and the right bank about 10 miles above Sambalpur. The 
process, as observed by Dr. Voysey, was the same as is described below. 

The most valuable contribution to our knowledge of Sambalpur 
diamonds is by P. Breton, Esq., Surgeon, Hon'ble East India Company's 
service. It is contained in a paper entitled Medical Topography of the 
districts of Ramgurh, Chota Nagpore, Sirgoojaand Sumbhulpore,^^ dated 
1825.'-^ Mr. Breton quotes from a gentleman who had enjoyed in Sam- 
balpur the best opportunities for obtaining accurate information. He 
states that the diamonds were only found on the left bank of the river 
and in the streams from Raigarh, Jashpur and Gangpur tributary to it on 
that side, up to the Mand, In confirmation that the diamonds came from 
the north, he says that they had been actually found in the Gangpur, 
Raigarh and Jashpur States. His description of the method of washing 
is incorporated below. According to class, the diamonds were valued 

* .Tour., As. Soc., Bengal, Vol. XIII, 1844, p. 859. 

3 Transactions of the Medical and Physical Society of Calcutta, Vol. II, 1820 ; also 
iiwued separately from Government Lit^iographic Press, Calcutta, 1826. 
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per maslia of 14 grains troy, fnt, 500 Sicca Rupees; second, 400 Sicca 
Rupees ; third, 300 Sicca Rupees ; fourth, 175 Sicca Rupees. Tliis was 
for stones of small weight only, as a diamond of large size was not subject 
to rale. 

The most important part of this paper is the following carefully 
drawn-up table : — 

Table showing the numbers and weight of (he rough diamonds found in the 
Mahanndi between the gears 1804 and 1818 Ig T. Breton, Surgeon 
Jlon^ble East India Companies service. 





Wkigut.' 


By whom reorived from the 
diamond finders. 

Years. 

N umber. 

Masbas. 

Ratis. 

Troy weight 
grains. 

Unknown 

1 

20 ; 

4 i 

288 

Rani Ruftun Coher. 

1804 

1 

4 ; 

! 

r>o 

Ditto ditto. 

1806 

1800 

1 

None. 

' i 

I 


OH 

Ditto ditto. 

1807 

1 

22 ! 


308 

Ditto ditto. 

1808 

1 

1 

... 1 

14 

Ditto ditto. 

1800 

1 

48 1 


072 

Chunderjeo Bhoonsla, CommancD 
ing in Sambalpur. 


3 



7 

Clninderjce RhoonBla, Command- 
ing in Sambalpur. 


1 

1 


14 

Saeca Ram Gopal, 

1810 

2 

2)1 1 


35 

Chunderjoe BhoouHla, 

1811 

1812 

1 

l»lone. 

4 1 

i 


60 

Ditto ditto. 

1813 

1814 

1 

None. 

2 1 


28 

Mahadeo Rae. 

1816 

1 

2 


28 

Ditto. 

1810 

1 



13 

Ditto. 

1817 

1 

2 

... 

28 

Ditto. 


1 


2 

4 

Ditto, 

1818 

1 

6 


84* 

Ditto, * This was said to 

have been brought 
to the Agent, who 
forwarded it to 
Gorernment. Its 
value was Ba. 
.6,000. 


1 

1 

... 

14 

Ditto. 


' According to this table flie Snmbalpur inasha = 14 grains troy nearly, the rati of 
which 7=1 masha, weighing a fraction under two grains. 
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The large diamond found in 1809 was of the third {B^sh or Vauyd) 
quality. It was picked up in the month of October at a place called 
Hirakund, in the bed of the Mahanadi, and its delivery to Rani Ruttun 
Coher was unluckily delayed on account of her being engaged in 
performing the funeral ceremonies of her husband^s mother, and before 
they were finished the Mahratta troops arrived and expelled her from 
the country. A traitorous servant of hers betrayed the secret of the 
valuable stone to Chuuderjee Bhoonsla, the commanding officer, who 
persuaded the diamond finders to surrender it to him by promises of the 
grant of a fine village and a thousand rupees. On the following morning, 
when they appeared to claim performance, they were reproached for 
bringing a stone instead of a diamond and driven from bis preseuce.^^ 

Nothing is known of the subsequent history of this stone; its weight, 
672 grains = 210'6 carats, would give it a high rank amongst the largest 
stones ever found. 

The next mention of Sambalpur diamonds is to be found in 
Lieutenant Kittoo^s account^ of his journey, in the year 1838, through 
the forests of Orissa. Ho speaks of the people as being too apathetic 
and indolent to search for diamonds. His remarks on the localities where 
they occur seem to be derived from Mr. Motleys account, to which, 
indeed, be refers. 

Although published in the same number of the Asiatic Socicty^s 
Journal 2 we find a paper dated two years later, or 1840, w^hich was 
written by Major Ouseley, on the Process of Washing for Gold-dust 
and Diamonds at Hira Khund. He says that 

“ the Hira Khund is that part of the river which runs south of the islands. Tho 
diamonds and gold-dust are said to be washed down the Ebe River, about 4 miles 
above the Hira Khund ; but as both are procurable as far as Sonpur, I am inclined 
to think there may ho veins of gold along the Mahanadi,’* 

The occurrence of diamonds in the river so far below Sambalpur as 
Sonpur was probably exceptional. No mention is made by Major Ouse- 
ley of the system of throwing an embankment across one of the channels, 
which is described below ; but that method of washing was in practice for 
many years before the period of Major Ouseley's visit. He describes the 
operations of individual washers — not the combined efforts of the large 
number which made that washing successful. The diamonds found 
became the property of the Raja, while the gold was the perquisite of the 
washers, who sold it for from Rs. 12 to 15 per tola. 

Upon what authority the statement is made in the Central Prov- 
inces Gazetteer that the diamonds of Sambalpur were flat and thin and 

* Jour., Ab. Soc., Bengal, Vol, VIII, 1839, p. 375. 

5 Ihidf p. 1067. 
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had flaws in them we are not told ; hut some of the oldest writers speak 
of th^m and those from the adjoining Chutia Nagpur localities as being 
of the best quality and purest water in India. As to their size the 
above table affords sufficient evidence. The largest diamond from Sambal- 
pur, seen by the writer, belonged to a native there. The stone, though 
slightly flawed, had been valued at Bs. 2,500 in Calcutta after cutting. 

The last description of these washings to be noticed here is by Surgeon 
J. Shortt, ^ for it would be an endless task to enumerate all the writers 
in Europe who have for the most part drawn their accounts more or less 
directly from Karl Bitterns ^ careful compilation of the information 
which was available before the year 1880. Inaccuracies innumerable 
have crept into these accounts, and they are likely to continue to disfigure 
text-books for many years to come. Dr. Shortt states that search for 
diamonds was being recommenced in 1855, having been suspended for 
some years previously. 

On Greenough^s map diamonds are indicated as occurring in the bed 
of the Bramini river, but Colonel Ouseley states distinctly that none have 
been found there. 

With regard to the origin of the Sambalpnr diamonds, the geo- 
logical structure of the country leaves but little room for doubt as to 
the source from whence they are derived.’ Coincident with their occur- 
rence is that of a group of rocks, referable to the Lower Vindhyan or 
Karnul series, certain members of which series are now found, or are 
believed to have formerly existed, in the vicinity of all the known dia- 
mond-yielding localities in India, and in the case of actual rock-workings 
include the matrix of the gems. 

In several of the early accounts, the belief is either stated or implied 
that the diamonds arc brought into the Mahanadi by its large tributary, 
the Ebe. It would not, of course, help to establish the above view as to 
their origin to say that the Ebe, at least within our area, except in- 
directly,^ is not fed by waters which pass over Vindhyan rocks, but we 
have the positive assurance of the natives that diamonds have not been 
found in that river, although gold is and has been regularly washed for. 
On the other hand, diamonds have certainly been found in the bod of the 
Mahanadi as far west as Chanderpur, and at other intermediate places, 
well within the area which is exclusively occupied by the quartzites^ 
sandstone, shales, and limestones of Vindhyan age. 

* Selections from Records, Bengal Government, No. XXIII, 1852, and also Selections 
from Records, Madras Government, No. XIV, 1855. 

* Erdkiinde Asien, Vol. VI, p. 843. 

« Records, G. S. I-, Vol. X, p. 186. 

^ By a few small streams wbicli rise in an isolated outlying hill, called Gotwaki. 
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The fact that the place, Hira Khund, where the diamonds were 
washed for is on metamorphic rocks, may be readily explained by the phy- 
sical features of the ground. The rocky nature of the bed there, and the 
double channel caused by the island, afforded unusual facilities, for, in the 
first place, the retention of the diamonds brought down by the river ; and 
secondly- for the operations by which the bed could on one side be laid bare, 
and the gravel washed by the simple contrivances known to the natives. 

It is impossible to say at present which the actual bed or beds of 
rock may be whence the diamonds have been derived, as there is no record 
or appearance of the rock matrix ever having been worked ; but from 
the general lithological resemblance of the sandstones and shales of the 
Barapahar hills, with the diamond-bearing beds, and their associates 
in other parts of India, it seems not improbable that they include the 
matrix. Above Padampur, the Mabanadi runs through rocks of this age, 
and any one who may hereafter embark upon the undertaking of search- 
ing for diamonds in Sambalpur should confine his operations, in the first 
instance, to the streams and small rivers which rise in the Barapahar 
hills, and join the Mabanadi on the south. Besides the obvious advan- 
tage of being — as would probably be found to be the case— close to the 
matrix, these streams would afford facilities for obtaining a sufficient, 
head of water for washing purposes. Such works would require but a 
few labourers, and could be carried on for a much longer period every 
year, say altogether for eight or nine months, than would be possible in 
the case of the washings in the bed of the Mabanadi itself. 

According to the local accounts, the southern channel of the Mabanadi 
used not to be emptied in the Raja's time ; but from various causes it 
might be expected to yield, proportionately, a larger number of diamonds 
than the northern. In the* first place, the stronger current in it would 
be more efficient in removing the substances of less sjxicific gravity than 
diamonds, while the rocks and deep holes in it afford admirable means for 
the retention of the latter. Owing to the greater body of water to bo 
dealt with, it would be found to be more difficult to divert than that 
which flows in the northern channel ; but the result in a greater harvest 
of diamonds would probably far more than compensate for the greater 
expenditure incurred. 

In the country to the south of Sambalpur, in Karlal and Nowagarh, 
where rocks of similar age to those of the Barapahar hills, occur there 
is no known traditional record of diamonds having ever been found or 
searched for. It is just possible, however, that the names of several 
villages in which the word Eira (diamond) occurs may have reference to 
some long-forgotten discovery. 
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In addition to diamonds, pebbles of beryl, topaz, carbuncle, ame- 
thyst, carnelian, and clear quartz used to be collected in the Mahanadi ; 
but there is no record of either sapphires or rubies ever having been found. 
It is probable that the matrix of these, or most of them, exists in the 
metamorphic rocks, and is, therefore, distinct from that of the diamonds. 

From personal enquiry from the oldest of the Jhiras, or washers at 
the village of Jhunan, and from various other sources, the following 
details have been obtained as to the manner in which the operations were 
carried on in the llaja^s time : In the centre of the Mahanadi, near 
Jhunan, there is an island called Hira Khund Diamond Mine) which 
is about 4 miles long, and for that distance separates the waters of the 
river into two channels. In each year, about the beginning of March or 
even later, when other work was slack and the level of the water was 
approaching its lowest, a large number of people — according to some of 
the present inhabitants as many as five thousand — assembled and raised an 
embankment across the mouth of the northern channel, its share of 
water being thus deflected into the southern. In the stagnant pools left 
in the former, sufficient water remained to enable the washers to wash 
the gravel, accumulated between the rocks, in their rude wooden trays and 
cradles. Upon women seems to have fallen the chief burden of the 
actual washing, while the men collected the stuff. The implements 
employed and the method of washing were similar to those commonly 
adopted in gold-washing, save only that the finer gravel was not thrown 
away until it had been thoroughly searched for diamonds. Whatever 
gold was found became the property of the washer. Those who were 
60 fortunate as to find a valuable stone were rewarded by being given 
a village. According to some accounts, the washers generally held their 
villages and lands rent-free ; but it is scarcely likely that all who were 
engaged in the operations should have done so. The people apparently 
did not regard their (in a manner) enforced services as involving any 
great hardship ; they would be glad to see the annual search re-established 
on the old terms. Indeed it is barely possible to conceive the condition 
of the J liar as having been at any time worse than it is at present. 
No doubt the gambling element, which may be said to have been ever 
present in work of the abov^ nature, commended it to the native mind. 
The washers belong to an aboriginal tribe, showing neither in their 
complexions, character of their features, nor hair, the slightest trace of 
the Negro origin, which has been suggested for them by some writers. 
Colonel Dalton places them with the Oraons or Dravidians. To this 
family, it is believed, belong most of the diamond-seekers throughout 
India. 
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When Sambalpur was finally taken over by the British, in 1850, the 
Government ojffered to lease out the right to seek for diamonds, and in 
1856 a notification appeared in the Gazette*"^ describing the prospect in 
somewhat glowing terms. For a short time the lease was held by a 
European, at the very low rate of Rs. ^00 per annum ; but as it was given 
up voluntarily it may be concluded that the lessee did not make it pay. 
The fact that the Government resumed possession of the rent-free 
villages, while the Rajahs operations had been carried on without any 
original outlay, materially altered the case, and rendered the ernployraerit 
of a considerable amount of capital then, as it would be now, an absolute 
necessity. 

Within the past few years statements have gone the round of the 
Indian papers to the effect that diamonds are now occasionally found by 
the gold- washers of Sambalpur. Recent local inquiries failed to elicit a 
single authentic case, and the gold-washers asserted that these statements 
were incorrect. Moreover, they do not appear to expect to find any, as 
they do not even examine the gravel when washing. They appear in 
fact to have forgotten the art. 

Chanda District: Wajkagauh, Lat. 20'’ 26'; Long. 80® 10' (A.S., 
73).— The diamond mines at this locality, which is situated about 
80 miles to the south-east of Nagpur, are of considerable antiquity. 
Their identity with the mines of Beiragarh, mentioned in the Ain-i- 
Akbari,^^ ' has been fully established, and it is not improbable that they 
may have been those which were taken possession of in 1425 by Ahmed 
Shah Walli Bhamuni, according to Ferishta^s history Whether they 
are exactly identical with the mines on the Vena, ^.<?., Waingunga, men- 
tioned in the Brhat Sanhita, which is supposed to have been written in 
the 6th century, it is impossible to say ; but it is certain that Rennell 
and Karl Ritter were at fault in attempting to locate Beiragurh, the 
former in Sambalpur and the latter in Berar proper, west of the Wain- 
gunga, unmindful that Beiragarh in Gondwana was territory conquered 
by and in possession of the Rajas of Berar. 

These mines, the remains of which are still to be seen on the 
Sath river, a tributary of the Kophraguri, which is itself a tributary of 
the Weingunga, are mentioned fii’st, so far as English records are con- 
cerned, by Mr. R. Jenkins in his report on the territories of the Raja 
of Nagpur.^ He states that they were formerly celebrated, but in his 
time did not yield suflScient returns to make them worth working. The 

* Gladwin’s Translation, London, 1800, Vol. IT, p. 68. 

2 Ed. by J* Briggs, London, 1819, Vol. II, p. 416. 

8 Calcutta, 1827, p. 14. 



58 


GEOLOGY OF INDIA-^ DIAMOND. 


[Chap. T. 


diamonds were found in yellowish earth (lateriteh forming small hills. 
To this account Mr. T. Wilkinson^ who succeeded Mr, Jenkins as 
Resident, adds* that during the reign of Raghoji Bhonsla the mines were 
worked at considerable expense, but as only a few diamonds were found 
they were finally given up. 

The Revd. Messrs. Hislop and Hunter, in their well-known paper, ^ 
describing the formations of the Central Provinces of India, merely 
say that the matrix of the diamonds at Wairagarh is a lateritic grit, the 
only rock in its vicinity being quartzose and metamorphic. Hence they 
argue that Malcolmson,® and after him Newbold, were wrong in infer- 
ring the identity of the sandstones of Central with those of Southern 
India from the supposed occurrence of the diamond in the former, and 
they enlarge upon the fact that most of the diamond-bearing deposits, 
though resting on rocks of various ages, are merely superficial and recent ; 
and that therefore the diamond does not afford a safe guide for correla- 
ting the older rocks. 

The whole discussion shows misconceptions on both sides which our 
present knowledge enables us perhaps to clear up. It is quite true that 
the sandstones of the Central Provinces, which are referred to, are not 
of the same age as those of Southern India which accompany the 
diamond-bearing strata. They are in fact very much younger, and 
Messrs. Hislop and Hunter were no doubt correct in asserting that 
the diamonds found in the lateritic gravel had not been derived from 
them. But the mention of quartzose metamorphic rock confirms what is 
independently likely, namely, that the great basin of Lower Vindhyan 
or Karnul rocks, which occupies the upper portion of the Mahanadi 
Valley, stretches into the neighbourhood of Wairagarh, and it may 
therefore be suggested, with a considerable degree of probability, that 
the ultimate derivation of these diamonds is from a stratum occupying 
a horizon identical with that which constitutes the matrix of the Sam- 
balpur diamonds, and as that in a general way has already been cor- 
related with the diamond horizon in the Karnul rocks, the theories of 
both sets of observers contained hypotheses partly correct and partly 
erroneous, the correct portions respectively supplementing one another, 
Malcolmson and Newbold were right in supposing that the diamonds 
of Wairagarh indicated the existence of rocks of the same age as those 
of Southern India (the Karnul formation) ; but were wrong in sup- 
posing that the f ossilif erous sandstones which they referred to included the 

’ Calcutta Jour, of Nat. Hist., Vol. Ill, p. 290. 

^ Quar. Jour., Qeol. Soc., Loud., Vol. XI, p. 866. 

2 Jour., Bombay Br. Hoy. As. Soo,, Vol. h, p. 620. 
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tsource of the gems. On the other hand, Messrs. Hislop and Hunter, while 
pointing out the latter mistake, did not realise the existence of another 
formation close by from which the gems probably did originally come. 
They seemed to regal'd the diamonds both here and elsewhere through- 
out India as being a product of superficial deposits without reference to 
the nature of the beds upon which they rested. 

The latest visitor to these mines, who has published any account of 
them, is Mr. Beglar,i but his notice is' a merely incidental one. He says 
that the old workings are shallow pits which cover but a small extent 
of ground. 

The examination of the geological structure of this neighbourhood, 
and a comparison of it with that of the Mahanadi region above Sambal- 
pur, has still to be accomplished. If the stratum from which the diamonds 
have ultimately been derived should be identified, and if its lateral exten- 
sion should prove to be coincident with that of the Vindhyan or Karnul 
rocks of this region, then we shall have a diamond tract equal in area, if 
not greater, than those of either Karnul or Bundelkhand. 

Eundelkhand. — The mines of Bundelkhand are generally known as 
the Panna mines, but in this account it will be necessary to distinguish 
the mines near the town of Panna from those which are situated in 
other parts of the province. The following list by no means includes 
the names of all the places where there are diamonds, but it would l^e 
useless to add to the number, as those selected are sufficiently represen- 
tative. They are Panna (or Punnah), Kamariya, Brijpur, Majgoha, 
Udesna, Sakeriya, Baghin, Myra, Etwa, Bargari, Say a Luchmanpur, &c. 

The diamond bed proper, which is a conglomerate, belongs to a group 
at the base of the Lower Eewah division of the Upper Vindhyans, which 
is distinguished as the Panna shales. Outlying, uncovered and partly 
denuded patches of these rocks sometimes occur as remnants of old spurs 
from the tableland. Occurring thus without the usual covering of sand- 
stone which is found on the tableland, early observers were puzzled to 
account for the apparent difference in mode of occurrence, and thus some 
confusion arose in their accounts. 

No very large diamonds appear to have been found h^re, hut the 
quality is good ; the crystalline forms are usually simple octohedrons or 
dodecahedrons, 

Panna, Lat. 24® 43' 30** N. ; Long. 80° 15' E. — ^The mines which are 
situated about 2 or 3 miles to the north-east of PanHa have been fre- 
quently visited and described ^ during the present century. 

^ Report on the Archroolpgical Survey of India, Vol. VII, p. 129, 

s 1813. — Hamilton, Dr. F. Edin., Phil. Jour., Vol. I, p. 49; 1826.— Pogson, Capt. 
W. H. History of Boondelas, Calcutta, p. 169 : 1827.— -Franklin, Capt. Trans. Roy. As. 
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In Captain Franklin's time the mines at this locality stood next in 
esteem to those at Karaariya. Mr. Medlicott gives the following 
account of them. At the time of his visit the miners had not got down 
to the diamond-bearing stratum, which is not laid bare till about March 
in each year ; — 

The roct diggings near Panna do not cover a surface of more than 
20 acres ; they are ion a low, flat, rising ground at the base of the slope 
from the Kymore scarp ; there were five or six pits in progress. The 
section is — 3 feet of soil, on a smooth surface of boulder clay; this 
latter contains large and small rounded boulders of sandstone, possibly 
the remains of masses fallen from the retreating cliff of the Rewah 
ridge ; its thickness is very variable from 2 to 1 2 feet, due to the uneven 
surface of the subjacent rock ; pebbles of the laterite iron ore are common 
along the bottom of the boulder bed. 

The top 3 feet of the hard rock looks more like a reconstruction 
of materials than a rock in situ. It is an irregular, streaked mass of 
clay, with occasional strings of broken grit bands ; the crushing action 
which is so manifest in these upper layers extends itself to those below ; 
contortion and fracture on a small scale are evident throughout.^' 

These appearances are considered to be due to the falling of heavy 
masses of rock from the cliff face, which formerly existed, as it was 
undermined from below. 

In the Panna mines, although the diamond seam is deeper than else- 
where, owing to the broken nature of the overlying strata it is not 
reached by a shaft, but the miners go to the immense labour of excavat- 
ing great pits, 25 feet in diameter, and often over 30 feet deep, for the 
sake of the small patch of diamond conglomerate thus uncovered, which, 
according to Captain Franklin, is frequently not more than a span thick. 
The system of mining in practice at Panna will easily be understood 
from the illustration, Plate I, by Mr. Jules Schaumburg, who visited the 
mines with M. Rousselet in the year 1867. The almost naked miners 
enter the pit by an inclined plane and work knee-deep in water. The 
stones and mud which they excavate are put into small baskets which 
are drawn up by hand. The Persian wheel turned by four bullocks is 
insufficient in power to thoroughly drain the place. The illustration 
represents the band of earthen vessels by which the water is lifted. 


Sooy., Vol. I, p. 277 : 1829.*-The same : As. Res., Vol. XVIII, p. 100 : 1830.— Jacquemont : 
Voyage dans VInde, Tome I, p. 899 ; 1833. — Anonymous: Indian Review, Vol. Ill, p. 119; 
1840. — Adam, Dr. J. : Jour., As. Soc., Bengal, Vol. XI, p. 899 : 1860. — Medlicott, H, B, ; Mem., 
G. S, I,, Vol. II, p. 66 : 1874.— Rousselet M. : L’Inde des Rajahs, pp. 441'443 1874. — 
N. W. P. Gfwietteer, I, p. 606 ; X877.-W. L. Willson : M. S. Report. 
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The stuff on reaching* the surface is placed on stone slabs and is searched, 
the searchers being under the charge of guards, as are also the miners. 

Kamariya* — The mines situated in the vicinity of the abovenamed 
village are described by several authorities.^ The following by Mr. 
Hacket is the most complete account 

" The diamond stratum, locally called kakru, consists of a conglome- 
ratic sandstone made up of pebbles, one-eighth to one-half inch diameter, 
imbedded in a rather fine matrix, which also includes clay galls. The 
lower Rewah sandstone here stretches out a considerable distance in 
front of the scarp, and the pit w^as just on the northern edge of this 
terrace, some 20 feet below the summit, and itself about lO feet deep. 
On the top of the diamond bed was a foot or so of hard thin flaggy 
sandstone, and about 7 feet of the same mixed with shale. A little 
further to the south and west, on this terrace, was an old pit between 
80 and 40 feet deep, but the bottom was filled with water, so that the 
rocks immediately above the diamond bed could not be seen ; there 
were, however, certainly 10 to 15 feet of shale between it and the lower 
Re wall sandstone. In all the pits examined there must have been 10 
to 20 feet of shale intermediate. The Rannas are here very thin, so 
that this position is not much above the top of the Kaimurs (the lowest 
group of the Upper Vindhyans). There are some small outlying hills to 
the north at the village of Bungla and north of Babupur. The former 
is about 50 feet high, with Kaimurs at the base, then 15 to 20 feet of 
shale capped in turn by the lower Rewah sandstone ; this was the only 
outlying hill in which the shales were seen (on account of the northern 
overlap). A few hundred yards to the north-east another little hill has 
been excavated in every direction by the old diamond searchers. Again, 
at Babupur are numerous old pits, and some sufficiently well preserved 
to admit of examination. They are about 16 feet deep exposing sand- 
stone with thin flaggy beds at the top, but no shales. 

A bed of fine, brown sandstone, including fragments of a green 
silicious rock, and bits of red and green shale, was traced from Bum- 
bhen to Kissengurh, which is not impossibly the continuation of the 
diamond bed ; that the natives do not work to the east is no proof that 
the beds do not continue in that direction. This is evident from the fact 
of there being no pits at Bangla, notwithstanding that the hills all 
round, even to the north, have been extensively worked. It is, there- 
fore, almost certain that at Bangla the diamond bed exists though 
untouched 

I FrankHn, Capt. : A». fles., Vol. XVIII, p. 105 ; Medlicott, H. B, ; Mem.,, G. S. I., 
Vol. II. 
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Owing to there being a strong roof here it is possible to excavate for 
some distance from the sides of the pit with safety. The occurrence of 
^een pebbles is considered to be a good sign of the presence of diamonds 
according to Franklin. 

Mr. Medlicott notices the transition of the conglomerate from its 
position among the shales to its condition as a pure, fine sandstone 
conglomerate. 

In reference to the extension of the conglomerate, he remarks that 
from the nature of the case — its occurrence among fine beds — it has 
f)€T He a precarious existence. He finds it difficult to determine the 
reasons why the deposit has not been worked in some localities as at the 
base of the hills. In some cases, in the outlying patches, the margin of 
the deposit has been reached ; in others it may have died out ; the latter 
state of things might be readily ascertained were a few trenches dug in 
selected localities. 

Bikjpur. * — Regardingthe mines at this locality, which differ essenti- 
ally from those just described, both Captain Franklin and Mr. Medlicott 
have written. The latter says^ ^^To the east of Kamariya the position 
and form of i\\Q Kakru becomes modified just west of Birjpur; it is a 
8 feet bed of clear conglomeratic sandstone, resting on the strong 
beds of pure sandstone and is worked at the surface ; the ledge which 
it caps presents an abrupt ridge along the right bank of the Baghin, 
and to the south runs into the hills, being apparently a flat spur and 
not an outlier. On the east slope of this spur these sandstones are seen 
to overlie some 20 feet of the variegated shales. 

The position of this deposit is said to be somewhat puzzling, as there 
is but one conglomerate, and it seems to be continuous though it rises 
in the section from west to east. The pebbles do not vary in character 
while the matrix does. 

On the accompanying map (III), the positions of numerous mines 
ai*e indicated, but with the exception of those just mentioned, which are 
more or less appropriately termed Ghairuj deep mines, all are in super- 
ficial accumulations of detritus, not in the old original conglomerate. 
The term chila appears to be restricted to the mere surface scratchings 
as distinguished from the pits, whether in the rock or in the accumu- 
lated masses of detritus. 

Majqoha oe Majgama. — This is the most western point in the area 
where diamonds are known to occur. Their mode of occurrence there 


* Variously 'written Brijpur, Bridgepnr, &c. 
S. I.,Vol.II.,p. 69. 
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too is somewhat unusual. It has been described by Captain Franklin 
and Mr, Medlicott. 

The former describes the site of the mine to be in a huge basin like 
an inverted cone, 100 yards wide and about 100 feet deep. Two-thirds 
of the basin are filled with a green mud containing a calcareous matter, 
and with a thick covering of calcareous tuff. The diamonds occur in 
the green mud, and the natives whose appliances do not admit of 
their going below a depth of 50 feet, say that the diamonds become 
more abundant as a shaft descends. Captain Franklin considers this 
and the deposit in the Baghin valley as being places in which an 
improved system of mining might be applied with good effect. 

Mr. Medlicott says of it ; — 

The filling in is certainly peculiar : the structure is like coarse foli- 
ation, a net-work of strings of calc spar, inclosing laminae and small 
lumps of green clay. 

In the only hole I saw, they were working the yellow clay from 
the crevices of this ; but the men told me that at a greater depth there 
are alternating layers of green mud, and of its mixture with calc spar 
in which diamonds are found.^^ 

XJ DESNA. — The matrix here, which consists of pebbles and boulders 
under an irregular thickness of yellow clay, containing both kunkur and 
laterite, does not require to be broken up, the clay being separable readily 
by washing, but the yield is not so certain as it is in the old conglo- 
merate. 

Sakeriya. — A description in the North-west Provinces Gazetteer,^^ * 
quoted from Pogson^s Boondelas,^ gives a very incorrect account of the 
mines of this locality. It is stated that the diamonds are found below 
a stratum of rock, 15 to 20 feet thick, which takes the natives months 
and even years to cut through with their chisels, the rock being rendered 
friable, by lighting fires upon it. It is probable that this description 
really referred to some other locality where there were rock mines, possi- 
bly Kamariya. 

Both Captain Franklin and Mr. Medlicott give very different accounts 
of it. That by the latter is as follows 

As at Udesna, there is a variable depth of clay, the middle third 
being kunkury and the lower lateritic ; below this the clay becomes 
charged with gravel, pebbles, and boulders, these rapidly increasing in 
size to great angular blocks of sandstone, scarcely moved from their 


> Vol.I, p. 566. 
sCaloatta,1828,p. 169. 
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original beds ; it is from between these that the best stufE is got, a 
stiff unctuous clay, with quartz gravel through it. Above these deep 
pits, wliich are never far from the stream, and well up on the slope of the 
Rewah sandstone, there are diggings in the surface lateritic gravel. 

Baghin or Baghe. — Mr. Medlicott^s description of the mines at this 
locality is as follows : — 

At the upper end of the gorge of the Baghin river there are two 
falls of 200 feet each, and there are workings throughout the whole 
length to Kalin jar. The principal diggings were at the lower end of 
the inner valley ; they were removing some 12 feet of dark-brown 
clayey sand to get at the boulder bed, in the base of which the diamonds 
are found, but both here and below the narrow gorge the gravel at the 
surface of the river-bed is much worked. The natives spoke to me of a 
European, who some twenty years ago had made an attempt at mining 
on a large scale. His diggings were on the flanks of the limestone 
hill, some 50 or 100 feet over the river, the ore being a jasper 
gravel gathered from the deep surface crevices of the limestone. As 
well as I could understand their pronunciation, the man^s name was 
Berkeley, but I have not seen any written account of his experiment ; 
the remains of his wash-pits and picking floors are there still.'^^ This 
Euro])ean was possibly Captain Pogson, who describes his operations at 
this very spot. He himself found two small diamonds which the labour- 
ers considered augured well. But his mine was flooded and soon aban- 
doned as he had to join the army on the breaking-out of the Pindari war. ^ 

Other mines are situated at Myra or Maira, Etwa, Borgori, &c. 
Pogson also says that diamonds have been found in Kalinjar and close 
to the hill.^ 

Saya LACHMANruR.— At a place of this name, on the summit of a 
hill called Bindachul, about 14 miles from Pannaaudin Pargana Budausa, 
of the Banda district, there is a diamond mine, of which one-eighth 
only belongs to the Government, and this portion is leased for Rs. 125 per 
annum.^ As it is believed that no revenue is drawn at present from the 
mines in Southern India, this one-eighth of a mine enjoys the unique 
position of yielding the sole contribution from diamond mines towards 
the finances of British India. 

Mr. Medlicott declines to believe in the instinct of the natives as 
evinced by the capricious distribution of the surface diggings in Bundel- 
khand. There are many valleys in which the relation to the underlying 

1 Histy. of Boondelas, p. 1 70. 

2 Histy, of Boondelas, p. 170 ; and N. W. P. Gazetteer, Vol. I, p, 449. 

* N, W. P, Gazetteer, Vol, I, p, 98. 
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rocks is such as to make it almost certain that the alluvial deposits contain 
diamonds, and yet there are no traces of workings. On the other hand, 
some of the workings prove the former extended range of the rock matrix 
which has been broken up by denudation. 

The following anonymous account of the Panna mines which seems 
to be well worthy of reproduction, has been extracted from an Indian 
newspaper 

The finances of the Maharaja are principally derived from his dia- 
mond and iron mines, and the following particulars as to how the mines 
are worked will prove interesting. 

In granting licenses to natives the invariable rule of the Raja is to 
restrict the claim to diamonds below six raiis in weight, on which a 
percentage of Rs. 25 or upwards is charged. The party is then allowed 
to search in any spot within the territory, excepting such as are given, 
to Brahmins for sacred purposes or are reserved for the Ranis or other 
relatives of the Chief. The mines of Kahmura (or Kamariya) and Panna 
are the most celebrated, and are excavated to a depth of Irom 15 to 50 feet. 
They lie within the bounds of the rocky matrix. Those at Majgama 
have also been very imperfectly used, the mining not going below 50 
feet, at which depth the water overflows, and the iuadars (or masters of 
the mines) are compelled to stop at this limit for want of a method 
to pump them dry. The chila and superficial mines are to be traced all 
over the diamond tract, manual labour being cheap, as the poorest sub- 
jects of the State work them. From the commencement of the rains to 
the beginning of the cold season the mining goes on, since a plentiful 
supply of water can be had in all parts of the State — an article highly 
necessary to facilitate the search, as the matrix, after being dug out, 
is placed by small quantities in a trench, and then washed to clear it of 
the clay which adheres to it. A spot on the surface of the mine is 
made smooth with the hand, and on it the gravel is spread, and a diligent 
search made for the diamonds. Almost three-fourths of the people of 
Panna and the adjacent villages derive their living by working either 
for themselves or as hired labourers for others. When employed on their 
own account it is not unusual to hear them complain of no luck for 
months and months. Indeed, I never knew a native during the short 
time I was in the State, who said he had found a diamond, but I was 
told that the following is the way natives carry on when at the mines. 
The avarice of the predecessor of the present Maharaja of Panna knew 
no bounds. The mines being the chief source whence his revenues were 
obtained, the native tmdars were never spared when they found diamonds, 
but had the most unreasonable taxes imposed upon them. This mis- 
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chievotts system, and the impolitic rule that all diamonds above six ratis 
become the lond fide property of the Maharaja, seem to have engendered in 
speculators a vindictive spirit, not only to evade the heavy duties, but 
to cheat the State of the produce of the mines altogether. Every poor 
tuadar has a petty banker, who supports his constituents and his family 
with the necessaries of life, on the understanding that every diamond 
found by them should be sold to him, out of the amount of which he is 
to pay himself. In fact, a tuadar of the lower order is but an instrument 
to enable the mahajans to rob the Maharaja, and it is a well-known fact 
that though these harpies hoard up wealth through the medium of their 
artful constituents, they will on all occasions, in order to evade suspicion, 
plead poverty and distress, whilst they carry on a clandestine trade of 
diamonds between Mirzapur, Benares, Allahabad, and Jabalpur. Some 
years ago, one of these mahajans was detected in defrauding the State of 
diamonds during a long series of years to the amount of Rs. 43,000. He 
was imprisoned and threatened with punishment, and to avert this he 
refunded Its. 16,000 and acknowledged having embezzled to the extent 
mentioned. It is well known that the Maharaja is robbed of largo and 
valuable diamonds yearly. I believe only one European has ever tried 
working at the Panna mines, and this was in 1833, when a license was 
granted him, and the following were the terms in his license : — On 
diamonds of 1 to 7 ratis, 15 per cent, on the value; from 7 to 10 ratis, 
S3 per cent. ; from 10 to 15 ratis, 50 per cent.; from 15 to 20 ratis, 
66 percent,; from 20 rath and upwards bond fide the property of the 
Maharaja, he having the option to reward the tuadars as he pleases. 
The expenses for working the mines at that time were as follow 


For one month with 20 sets of labourers— 

Ks. 

20 Bildars at Rs. 2 per month 40 

15 Wuterwomeu do. 30 

4 Sepoys at Rs. 3 12 

Implements for digging, &c. 40 


Total . . 122 

It shows how cheap labour was in those days, whereas at this time 
bildars are getting Us. 12 and Rs. 14 a month. The European (his name 
is not given, and I copy from an old Government record) says In 
embarking in this enterprise the chief evil to be guarded against is theft. 
A strict eye should be kept over the labourers during the hours of their 
work, as they not only pilfer and conceal these stones in the very mines 
they are working, but will, in cases of emergency, swallow them ! It is 
guid that before the British supremacy became paramount in these parts, 
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delinquents of ibis description have suffered death rather than confess 
having stolen the gems which have afterwards been discovered in the 
ashes of their remains.’^ ^ 

So far as can be ascertained, the Panna mines have never yielded any 
diamond of remarkable size. But there can be little doubt that vast 
quantities of diamonds have been produced there which have commanded 
relatively a higher price than Brazilian and Cape diamonds. The in- 
flux of the latter into the Indian market of late years has, liowever, 
seriously depreciated the selling value of Indian stones, and but few 
find their way to the Calcutta market. According to Dr. Hamilton, in 
his time, 1813, a good many stones were found worth from Rs. 500 to 
ils. 1,000, and he says that the Raja had one supposed to be worth 
lls. 50,000. 

Captain Franklin states that the diamonds were classed under six 
principal heads » and a number of minor sub-divisions according to their 
lustre, water, colour, freedom from flaws, &c. Of the first class called 
Lilwaja, there was only one sample in Panna in his time. Into all these 
particulars it is perhaps not necessary to enter further here. But it may 
be of interest to quote the opinions of the various authorities as to the 
revenue derived by the Rajas from this source. In the time of Akbar 
the value of the diamond mines, it is said, was 8 lakhs of rupees a year 
(£80,000). And they also foimed a considerable source of public revenue 
as well as of mercantile profit during the government of the Native 
Chiefs of Bundelkhand and of Ali Bahadoor, its last Mahratta conqueror. 
In 1750, during the reign of Raja Chuttersal, the duties levied at Panna 
and the jirofits from the diamond mines amounted to 4 lakhs, £40,000, per 
annum. It was added that the modern profits are supposed to be com- 
paratively insignificant, and are wholly relinquished to the Native Chiefs hy 
the British Government,^ 

Franklin estimated the produce at Rs. 1,20,000 per annum, of which 
the Panna Raja received one-fourth, other portions going to the Rajas 
of Banda, Chirkhari, and Jaitpur, and the remainder to the miners, &c. 
M. Rousselet estimated the produce in 1867 to amount to from 
francs 1,500,000 to 2,000,000 ; i.r., to from £60,000 to £80,000, but it 
is necessary to caution the reader, as this may be, and probably is, an over- 
estimate. For the purpose of clearing up this point reference was 
made through the proper channel to the Raja of Panna, but ‘'it is 

‘ It is apparently tine document which is printed in the Indian Review, Vol. Ill, p. 120. 

3 Captain Pogson mcntioiiB four only— -1, MoHcJial^ clear and brilliant; 2, Manik, 
greenish ; 3, Panna, tinged with orange ; and 4, Bampat, blackish. History of th® 
Boondelas, p, 169. 

3 W. Ilamilton. Description of Hindustan, 1820, Vol. 1, p. 326. 
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to be regretted that in this case, and also in regard to some other enquiries 
of a similar character, which have been made while this book was in pre- 
paration, no complete information could be obtained. * 

Diamond-Mining by Europeans. — In order to give the foregoing 
remarks a practical application it may be well to briefly discuss the pros- 
pect of diamond-mining in India if undertaken under European man- 
agement. 

As has been already related, in each of the three great tracts at 
Chennur, at Sambalpur, and at Panna, attempts have been made by 
Europeans to mine for diamonds, but in no instance have their opera- 
tions proved to be successful. How far success was deserved by the 
manner in which the operations were carried on it is impossible to 
state, but it is believed that they were on a very petty scale. Re- 
garding the question, however, from a general point of view, it is 
easy to see that there are causes which must tend to have an unfavour- 
able effect upon tbe success of undertakings of this nature. 

In the first place, however, it may be well to premise that there is 
not the least ground for supposing that there has been any real exhaus- 
tion of the localities where mining is possible. On the contrary the 
result of the systematic geological examination of the different areas 
has been to show that the diamond-bearing strata have a wider extension 
there than the actual miners ever supposed, though not so wide as 
some writers have concluded, by a process of including the most distant 
localities in one tract, and then computing the total area. 

That the ancient miners possessed and acted on a kind of rule-of- 
thumb knowledge of the characteristics of the diamond-bearing strata 
in different tracts respectively is almost certain ; but that they applied 
such knowledge inductively to distant tracts is extremely doubtful. The 
probability is that in each neighbourhood operations were commenced in 
consequence of chance discoveries. 

Prospecting far and wide we may be sure was never undertaken by 
natives, and it is doubtful whether there was any intercourse or commu- 
nication between the workers at distant localities. 

With scientific guidance, backed by capital and proper mining appli- 
ances, it may appear at first sight that mining by Europeans ought to 
succeed, but from what has already been said in reference to Bundel- 
khanS, it will be gathered that there are in diamond-mining certain 

> Should it bo received in time it will be incorporated in an ap}>endix. The average 
annual value for the Inst three years of the diamoiidR found in the Chn Uhari State has been 
communicated to the Geological Survey by tbe Political Agent, and it amounts to only 
Ks. 0,564, of which the State received about oiic-bfih. 
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of impurity which they include. Foreign matters can be got rid of 
by grinding, washing, and the use of acids, and the purified product 
may be employed for all the purposes to which graphite is applied, but the 
process is costly, as the smallest particles of grit are injurious. Formerly 
pencils were almost exclusively sawn out of the fine-grained massive 
qualities, such as that produced in the now exhausted mines at Borrowdale, 
in Cumberland. 

The former high value which this still valuable substance possessed 
lias no doubt been the cause of much of the im]wtance with which 
deposits in various parts of India have been temporarily invested. The 
only one of these, save j)Ossibly that at Vizagapatam, which, taking 
into consideration its quantity and the means of transport, is of any 
present promise, is that which occurs over a wide tract in Travancore. 
Although the opinions of experts many years ago were unfavourable, it is 
conceivable that an increased demand and improved and more economi- 
cal methods of purification might render its exploitation a profitalde 
undertaking. At the same time the possibility of further searcli proving 
the existence of a quality equal to the better kinds found in Ceylon 
cannot be denied, as the probability is that the including rocks are of 
identical age. 

At the present day nearly all the plumbago of commerce comes 
from Ceylon. It is classified under three heads, the prices of which in 
the London market on the lllh March 1881 were as follows: — 

Lump .... £17-10 to £10 per ton. 

Chip .... £10-10 to£U „ „ 

Dust .... £ 8-10 to £10 „ „ 

Although graphite occurs in many parts of the United States, it is 
only mined successfully at Ticoiideroga in the State of New York. 

It may be of interest here to enumerate the principal uses to which 
this substance is put. It is used in the manufacture of pencils, crucibles, 
stone or grate polish, as a lubricator for maclunery, electro typing, faces 
for moulds or foundry facings, refractory mixtures, and for giving a 
protecting surface to the interior of blowing cylinders in blast furnaces. 

The pencils of the present day are made by mixing very finely divid- 
ed graphite with a particular kind of clay in varying proportions accord- 
ing to the shades required. There is much adulteration in the black 
leads commonly sold ; but for information on these subjects, and on the 
various processes employed, reference may be made to the usual text- 
books. 

Madras: Travancore State.-— Trivandram, Lat. 8” 30' N, ; 
Long. 77^E. — The first discoverer of the existence of graphite in Travan- 
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core appears to have been General Cullen, who in 1845i traced it in the 
gneiss south of Trivandram northwards as far as Cochin. Some samples, 
which were forwarded to the Asiatic Society from a locality south of Tri- 
vandram, were considered by Mr. Piddington to be too soft and scaly for 
the manufacture of pencils, i.e.y by the old method. The matrix appears 
to be a pseudo laterite formed of decomposed gneiss in situ. One speci- 
men now in the Geological Museum is covered with a salt efflorescence, 
and certainly it may be said, judging from the various original samples in 
the collection, that without much grinding and washing they could not be 
made available even for the inferior purposes for which graphite is 
employed. Samples from this locality, Vizagapalam, and Almora were 
exhibited in London at the exhibition of 1851. 

In a subsequent communication General Cullen describes his further 
efforts to open up one of the deposits and prepare large samples for 
despatch to London. The situation of his mine was near Ponalaul, in 
the Oolamalakul property, about 10 miles north-east of Trivandram, on 
the road to Arinaud. About li tons, of tl)e stuff was extracted, which 
yielded 1,000 lbs. of pure graphite. As in all such calculations the 
estimate of cost, 100 lbs. per rupee at Trivandram or even less, is falla- 
cious, since it does not appear that the GeneraPs own pay, while he 
superintended the oi)erations, was included in the actual expenditure 
incurred, nor does it follow that the cost of exiracting at the outcrop 
would not be exceeded when regular mining operations had to be com- 
menced. 

In 1855 Dr. Hoyle ^ described specimens from Tra van core, which were 
lamellar, as being soft but brilliant, and similar to what was at that 
time imported from Ceylon at a cost of £8 to £10 a ton. But the general 
opinion of experts and manufacturers of pencils in England, to whom 
samples were submitted, was that they were too gritty and impure to be 
of much value. Some, however, took a more sanguine view. Mr. R/Uel, 
a crucible manufacturer, estimated the value for his purposes at 8 shil- 
lings a hundredweight though 14 shillings are sometimes given. 

Since the above was written, Mr. King has sent samples of a much 
purer looking graphite, obtained during the present year from a deposit 
close to Vellurnad, near Arinaud; probably this locality is the same as 
General Cullen^s. The veins in which it occurs are said to cross the strike 
of the gneiss. Apparently this not easily accountable mode of occurrence 
has been observed in America also. 

» .Tour., As. Soc., Bengal, Vol. XIV, p. Ixiv. 

« Jour., As. Soc., Bengjil, Vol. XXIV, p, 208 ; uud Madras Journal of Lit. nud Sci., 
Vol. I, new series, 1856, p. 257. 
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It is perhaps needless to observe that the smallest particles of grit 
in graphite for pencils is most prejudicial, whilst for^ubricating purposes, 
if graphite be not absolutely pure, it may be most injurious to machi- 
nery ; for the coarser purposes of making crucibles the presence of iron 
would certainly diminish the refractory properties of the material. 

Tixmevelly District. — General Cullen states that he obtained pieces 
of graphite of the size of a small egg and with a laminated structure 
in some kankar in Tinnevelly. In another part of his paper he sixjaks, 
however, of the matrix being limestone or gneiss. Possibly some speci- 
mens, now in the Museum, which are in a crystalline limestone, but which 
are labelled from Trivandrum, may have come from this locality. In a 
letter from the llosident at Travancore {? <?., General Cullen), which is 
quoted by Dr. Royle, the gra])hite is said to occur in disintegrated gneiss, 
and at Culdacurchi and Ambasamudram in kauJear. The precise sense 
in which the term kankar is used may be doubtful. 

There is a specimen of graphite now in the Museum said to have been 
obtained in the red hills near Mtulras. 

Kistna and Godavari Districts. — According to Mr. King’ bands 
of very quartzose rock, with graphite sparingly distributed through them, 
occur close to Bezwada, in the Kistna district ; and fragments of graphite 
occur in the streams which traverse the Beddadanol coal-field ; these 
last, it is believed, have been brought down from the gneiss further 
north. 

Vizagapatam District.. — Graphite is stated'^ to be found near 
Kasipuram, in the territory of the Maharaja of Viziauagram, also at Rarn- 
pilli of Salur, and one or two other localities. It is used for giving a 
polish to pottery, and can be had in any quantity at a rupee for 24t l))s. at 
Viziauagram. A sample, now in the Geological Museum, is included in 
a heavy ferruginous gneiss, and is not of very promising appearance. 

Bengal: Lohardaga District. — A loose fragment of gneiss con- 
taining lamella) of graphite was found in the bed of the Koel river 
close to the village of Hu tar, which has furnished a name for a coal- 
field. 

Central Provinces: Sambalpur District.— Dakamgauh, Lat. 
20° 2V 30"; Long. 83° 18' 30"; Domaipali, Lat. 20° 49'; Long. 
83° 4>' — At both the above localities, which are situated in the Patna 
zemindari, deposits of graphite, which had previously been brought to the 
notice of the district officials by the natives, were examined by the writer. 
The graphite occurring in both cases merely as a constituent of some 

j Records, G. S. I., Vol. VII, p. 160. 

* Vizagupatam District Manual, p. 154, 
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gneissose scliists is impure ; this, coupled with the fact of its position, 
renders it difficult to suppose that it will ever have any commercial value. 

Rajputana: Gurgaon District-— Sohna, Lat. 28° 14'; Long. 
77° 7 \ A so-called plumbago mine was discovered at this locality by Dr. 
Thornton in 1801.^ The graphite occurred in lumps and disseminated 
through the iwk. Mr. Hacket,'^ who visited the spot, describes the 
deposit as worthless, the quality of the mineral being very inferior. 

Afghanistan. — Koh-i-daman. — Captain Drummond^ states that he 
obtained a specimen of graphite, said to have been obtained in the vicinity 
of Koh-i-daman, and he includes it as one of the regular productions of 
Northern Afghanistan. 

North-west Provinces: Kumaun District. — Aemora. — In the 
course of his mineralogieal survey of the Himalayas, Cai)tain Hei*l>ert,'‘ 
was the first to discover the presence of gra])hite in the neighbourhood 
of Almora. He found kidney-shaped lumps, 1 to 3 inches in diameter, 
lying on the surface of a portion of the ridge which was formed of mica 
schist. Although somewhat mixed up with the quartz, iron, and mica, 
it was found to have a specific gravity of only from 2*21 to 2*26, 
as or 2*7 according to Mr. Prinsep,^ who gave a rough analysis of it 
as follows : — 


Carbon .... 

716 

Iron .... 

60 

Si lex .... 

15* 

Alumina .... 

8*4 


lOO* 


From a comparison with analyses which he made of Ceylon and English 
graphites, Mr. Priiisep formed a very favourable opinion of the Hima- 
layan mineral; but it is evident that the sample of English graphite he 
examined was of very inferior quality, as it contained 36 per cent, of impu- 
rities. In the year 1850 Major H. Drummond® was placed on special 
duty by the Governor General for the express purpose of opening up and 
ascertaining the value of these deposits. As to quantity his operations 
appear to have sufficiently proved the existence of a large amount, 
though somewhat scattered, at numerous localities; but the quality 

* Balfour’s Cyclopcedia, Art. — Plumbago. 

s Kecords, G. S. I., Vol. XIII, p. 249. 

^ Jour., As. Soc., Bengal, Vol. X., p. 92. 

* As. Res., Vol. XVIII, p. 280 ; and Jour., As. Soc., Bengal, Vol. XI, p. cxxvii. 

* Gleanings in Science, Vol. HI, p. 280. 

® Selections from Recoyds, Govt. N. W. P.,u6W’ series, Vol, III, 1867, p. 371. 
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appears to have been far removed from the standard sample of Cumber- 
land graphite^ with which he had been supplied. Specimens from Balti 
and Palsimi occurred in tabular form and showed a metallic lustre on 
being fractured. A sample from Major Drummond, assayed by Mr. 


H, 13. Medlicott, had the following composition : — 

Carbon ...... . 62*03 

Silex, &c., insoluble in strong hydro-chloric acid 2*88 
Peroxide of iron and alumina . . . 7*68 

Carbonate of line ...... 34*94i 

Magnesia and lows, &c 2*47 


100 * 


Dr. Royle ‘ relates that although Captain Herbert himself made some 
pencils directly from the graphite as it was found, the opinions of several 
experts, including the principal pencil manufacturers in England, were 
decidedly against the Kuinaun samples having a commercial value. The 
amount of contained grit being injurious to their machinery they wei*e 
unwilling to use it, but suggested that a purer material might be obtain- 
able. Mr. Rose, who is quoted by Mr. E. T. Atkiuson,^ examined speci- 
mens obtained at Garjoli near Balti and at Palsimi 3 miles east of Almora, 
and seemed to think that all the samples, even the most impure, could by 
grinding and washing be deprived of their grit. Dr. Royle speaks of £5 
a ton as the value of some of the samples he refers to; but it may be 
doubted whether that figure could be obtained now, and, supposing that 
it could, whether it would cover the cost of mining and trans}>ort. 

Among other notices of this deposit may be rnentioned one by Mr. 
W. Sowerby, though it does not add much to previous knowledge as 
to ils preci.se nature. 

It seems that the graphite is much mixed up with other minerals in 
the schists, and the numerous attempts to find a workable thiekness have 
not been successful. Indications of its presence are said to extend 
over a distance of 15 miles. Under the circumstances of quality and 
position there are no grounds for believing that this graphite can ever 
be worked so as to become a profitable commercial commodity. The 
precise spots mentioned by the several authorities arc on the Kalimatiya 
(black-earth) hill to the north of Almora, on the spur of Banini Devi, 
facing Almora, on the Lohughat road, Garjoli, and Palsimi. It is also 

* Jour., As. Soc., Bengal, Vol, XXIV, p. 203; and Madras Jour, of Lit. and Sci., Vol, I, 
new scries, p. 257. 

- Economic Mineralogy of tbe Hill Distriots : Allahabad, 1877. 

® Sel. Rec., Govt, of India, Vol. XVII, pp. 6 and 8, 
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in Patti Lohba in Garliwal on the Karnprayag road, and is stated 
to be used in that part of the country as a pigment. 

Mr. Medlicott* describes the deposit as a band of graphitic schists, 
regularly associated with the other metamorphic strata of the district. 
The best lumps of graphite have been found where this schist has 
been crushed along a fault or line of strain and the graphitic matter 
has somehow become concentrated in lumps of various size.^^ Both 
inodes of occurrence are described as analogous to those presented by 
the carbonaceous Tnfra-krol shales of the Simla region, where coal- 
mining has been attempted on the bands of concentration. The sam- 
ples of Kumaun graphite at present in the Geological Museum are very 
dull looking and deficient in lustre, and from their weight it is probable 
contain much iron. 

Darjiling. — In tlie year 1852 attention was directed. by Captain 
Sherwill to a supposed deposit of graphite at the foot of the Darjiling 
hills. The samples forw^arded by him to the Asiatic Society were de- 
scribed by Mr. Piddington ^ as lieing of a very inferior description. Mr. 
Mallet,^ who subsequently examined the locality, only goes so far as to 
apply the term semi-graphite to the substance. He states that the 
carbon in the highly altered Damuda shales has only been partially 
changed from the amorphous to the graphitic condition. 

Captain SherwilFs specimens and another obtained by Mr. Mallet 
were assayed by Mr. Hughes, and the percentage of impurities which 
they were found to contain is just about equal to that of the carbon 
which, as stated above, ought to be present in good graphite — 

Rukie Nadi 92 0 Ash. 

Near Patikabari ........ 83' „ 

Near Kurseong ........ 84 6 ,, 

This ash is mostly silicious. The carbon in these shales is not even all 
in the condition of graphite. Mr. Mallet recognises the possibility of a 
better quality being found, but does not look forw^ard wdth any confidence 
to its probability, 

Burma, — According to Major Strover,'*' graphite is found in Upper 
Burma to the east of Nat-taik, on a low range of hills near the village 
of Nzoketoke. It is not utilised. Mr. Doyle ° states that the late King 
Bubmitted samples to experts at Mandalay, and the result of the analy- 
sis (such as it was; was satisfactory. 

1 Mom., G. S. I., Vol. Ill, part II, p. 180 (18(54). 

* Jour., As. Soc., Bengftl, Vol. XXI, p. 538. 

* Mem., G. S. I., Vol. XI, p. 64. 

* Indian Economist, Yol. V, p. 14. 

* Contribution to Uunnan Mineralogy : Calcutta, 1879. 
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Amber. — Wilhin the liunts of British India no deposits containing* 
amber in sufficient quantity to be of economic importance are known to 
exist. Dr. Griffiths, * indeed, speaks of its occurrence with the lignite coal 
at Karaibari, east of Rangpur. But this, as will be seen on a future 
page, is a friable mineralised resin which is not in the condition of amber. 
Sir W. Ainslie states that am)>er of fine quality had been found in tlie 
Deccan, but was scarce, and that it was occasionally found also in Travan- 
core. Dr. Balfour suggests that these later cases refer to a substance 
allied to copal, which is found in the Venkully cliffs in Travancore.^ 
Owing to the word Ambra, which means ambergris, being used by 
German writers, it has been supposed that amber occurs in the Nicobar 
Islands ; but while there is no d priori improbability in the tertiary 
lignite beds of the Nicobars containing amber, the substance collected there 
appears to be ambergris, consisting of the excreta of certain cetaceans, 
which is occasionally drifted on to the shores of the islands. Dr. Rink, 
however, describes a substance which was evidently similar to the Karai- 
bari resin as being found in the lignite of the Nicobars. 

The only worked source of amber of any value in the neighbourhood 
of the limits of British India is the following : — 

Burma: Paykntoung, Lat. 26'" 20'; Long, 96\ — At Payentoung 
or Payendwen, in the valley of the Hukung or Hookoong, and near the 
sources of the Kyendwen, there are amber mines which appear to 
liave been worked with varying success for a very long period, and 
have, it is believed, produced a large quantity of amber which has 
been disposed of in the markets of Upper Burma and Assam. These 
mines are sometimes spoken of as the mines of Ava, being included in 
the territories of the King of Burma. By what name they should be 
known is somewhat uncertain, as neither of those given above appear on 
the most recent maps of the region (dated 1875). Possibly the Pon- 
Kran of this map may be the locality, and Kinto Poung is perhaps the 
Kotahbhum mentioned below. The latitude given above is on Colonel 
Yule^s authority ; the longitude is only approximate. The Rev. Mr. 
Mason refers to a description of these mines by Dr. Bayfield, but reference 
to the original work, which is believed to be still in manuscript, is not 
given ; there are, however, several other independent accounts. 

In 1835 Colonel Hannay visited the Payentoung or Hukung valley 
and collected some information regarding the amber. Not only does it 
occur at Payentoung, but also at Kotahbhum, where it is said to exist in 

‘ Private Journal of Travels in India, &c., Calcutta, 1847, p. 77, 

* Materia Medica, p. 3. 

• Cyclopaedia, Art. Amber. 

^ Jour., As. Soc., Bengal, Vol, VI, p. 270. 
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great abundance though of inferior quality ; but the latter locality is 
considered sacred by the Singhphus, who therefore do not allow the 
amber to be removed. The principal traffic in the valley was in amber, 
a few Chinese, Chinese Shan and Chinese Singphu merchants being in 
the habit of visiting the spot annually. The common sorts were sold at 
the rate of Rs. 4 for a seer and a half, but the better qualities were 
expensive. 

A more complete account of the locality is given by Dr. Griffiths, 
who actually visited the mines in 1837. They are situated on a range 
of low hills, perhaps 150 feet above the plain of Meinkhun, from 
whicli they bear south-west. On the brow of a low hill there were 
numerous square pits, 4 feet in diameter and of variable depths. The 
im})lements used consisted of wooden crowbars tip])ed with iron, wooden 
shovels and bark baskets for drawing up the water. Underneath from 
15 to feet of red clay containing small pieces of lignite, there is a grey 
slaty clay, which increases in density with depth, and includes imper- 
fectly formed lignite with which the amber is found very irregularly dis- 
tributed. No fine specimens were then obtainable. Though much prized 
as an ornament, the price was not high, a first-rate pair of earrings only 
costing Rs. 5. The outturn appears to be very variable ; in Dr. Griffiths' 
time the workmen said that for six years they had had no success. 
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CHAPTER II. 

COAL— PEAT-PETROLEUM. 

Coal. — G eneral Remarks, reninsular Areas — Madras — Hj’derahad — Orissa - Benfi-al — 
Nortli of Dainuda Valley — Damiida Valley — North-West and West of Damuda Valley 
— Sono Valley — Mahanadi Valley — Godavari Valley. JEx/ra-peninsuIar Areas. Cntch 
— Sind — Af^?lianistan — Punjab — North-West-Hinmlayas — Sikkim — Assam— Chitta- 
gong— Rritish Burma — Upper Burma— Andaman Islands— Nicobar Islands. Peat. — 
General Remarks— 'Madras — Bengal — Oiidh — Kashmir — North-West Proviuces — Nepal 
— Assam — Burma. Petrolkum — G eneral Remarks— Singrowli — Alw’ar — Cutch — 

Biilochistan — Afghanistan — Punjab — Assam — Burma. 


Coal : General Remarks. — In the preceding parts of this work the 
geological age of the carboniferous deposits of the peninsular and extra- 
peninsular areas have been fully discussed ; and in connection with the 
descriptions of the various fields a considerable amount of information has 
been given as to the quality and extent of the coal which is known to 
exist in tlicm respectively. 

Although it may not appear at first sight to be of great importance, 
from an economic point of view, whether coal, provided of course that 
it is itself good, belongs to the palieozoic, mesozoic, or kainozoic periods, 
the actual mode of occurrence is a matter of great importance in the 
tracing out of coal seams, and this varies with the age of the measures. 
The practical miner, who coming to India expects to find here the fami- 
liar strata of the true carboniferous measures, is destined to be disap- 
pointed. Although cases have not been wanting of men who were so 
wedded to their early ideas that they professed to be able to recognise 
the individual seams of Lancashire in some of our Indian coal-fields, 
others have not taken long to realise the difference and modify their 
methods accordingly. 

The rocks which in peninsular India probably correspond, as regards 
the time of their formation, to the true carboniferous rocks of Europe 
are not coal-bearing, and the oldest coal measures in this country belong 
to a period which is well included within the limits of the upper 
palaeozoic or permian and the lower jurassic formations. 

All the useful coal of the peninsula may conveniently be described 
as being of permio-triassic age, and with two exceptions, it may be added. 
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these measures do not occur beyond the limits of the peninsula. In the 
extra-peninsular areas, however, we find coal in various younger deposits. 
In the jurassic rocks of Cutch thin and unimportant seams of coal have 
been found ; and there are also some lignite beds of this age in the 
Punjab Trans-Indus disirictsof Bannu and Kohat. The cretaceous rocks 
of the Garo and Khasi hills include some considerable coal seams of 
good quality. To this age possibly should be referred the coaly and 
carbonaceous deposits of parts of Burma and the Andaman and Nicobar 
Islands, but of these it may be said that so far as anything is certainly 
known they may really be of lowest tertiary age. Of undoubted lower 
tertiary, nummulitic, or eocene coals and lignites there are numerous 
examjdes which are met with at intervals from Sind, through Afghan- 
isian, the Punjab, at the foot of the Himalayas, in Assam, and in 
Burma. It is the exception for the coal of this age, in those localities, 
to occur in such quantity as to possess any real economic value, but 
very noteworthy exceptions do occur in Assam and Burma. One 
instance, in peninsular India, of a carbonaceous deposit, which is probably 
also referable to the eocene period, exists in Travancore. The coal 
measures of Upper Assam, so far as the slight evidence available goes, 
are considered to be possibly of miocene age (part II, p. 702) ; they are 
almost certainly younger than the seams found at or near the base of 
the nummulitic rocks elsewhere. In the higher or younger tertiary 
groups at the base of the Himalayas, although carbonaceous deposits, 
chiefly in the form of lignite from drift wood, not unfrequcntly occur, 
there is no known continuous seam of useful fuel. 

In describing the coal-fields from the economic point of view it will 
be convenient to follow the geographical arrangement adopted with 
reference to other mineral productions; but in the particular case of 
coal there is a disadvantage in this method of treatment, as it involves 
the breaking up of one large tract of coal measures, namely, that in the 
Godavari Valley and its tributaries, in consequence of its spreading 
over an area, portions of which belong to Madras, Hyderabad, and the 
Central Provinces respectively. 

Some years ago, Mr. Hughes ^ estimated the areas in India in which 
coal measures occur, including those in which they are believed to exist 
underneath younger formations, as amounting to a total of 35,000 
square miles. This is a liberal calculation which is not likely to be 
increased by any discoveries which may be made hereafter, though it 
may sustain diminution when the boundaries are more accurately ascer- 
tained in the cases of some of the less known fields. To prevent any 

‘ Records, G. S. I., Vol. VI, p. 65. 
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misconception^ however, it is necessary to state that in some parts of the 
basins, supposing the coal measures do exist, the thickness of the younger 
overlying formations is so great that the working of the coal cannot, 
in reference to present systems of mining, be contemplated as being 
even remotely possible. 

The several basins have the following areas allotted to them by 
Mr. Hughes :~ 

Square miles. 


Godavari and affluents 11,000 

Soiie .......... 8,000 

Sarj^nja and Orissa ... ..... 4,6(X) 

Assam .......... 3,000 

Narbada and affluents . 3.600 

Damuda 2,000 

Raimulial area ........ 3CX) 

Unsurveyed, . 2,7(X) 


35,000 


Although the coal-mining industry lias now been in operation in 
India for more tlian a century, and although there has boon a steady 
increase in production and consumption, which has been especially not- 
able in tlie last decade, still it must be stated that the development of 
the coal resources of the country is as yet in a very imperfect condition. 
Out of upwards of thirty distinct fields in peninsular India only four or 
five are worked at all, and of these only two have arrived at such a con- 
dition that, allhougli the actual mines arc numerous, they can raise 
from 1,000 to 2,000 tons a day. In the extra-peninsular areas mining 
is not established anywhere regularly, though it shortly will be, there 
is reason to believe, in Assam, 

The reason for this state of things is not far to seek. Most of the 
coal-fields are too remote from the ports and the centres of manufactur- 
ing industry to render it possible that their coal can be carried to 
places where it would have to compete with the better qualities of fuel 
brought from Europe. With the extension of lines of railway into the 
central parts of India some of these fields may be opened up hereafter, 
and the increased facilities for carriage may render it possible to estab- 
lish factories for the reduction of metallic ores and other purposes which 
would increase the demand for coal. 

Before treating of the actual present compared with the past con- 
sumption of coal in India, it will be well first to describe its quality or 
rather its qualities, for it varies a good deal, as will be seen from the 
details given below, in reference to the different fields. 
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In general the coal of peninsular India may be described as a lami- 
nated bituminous coal, in which dull and bright layers alternate. Much 
of it does not cake freely, while a not inconsiderable proportion will not 
do so at all. However, from the coal of particular seams in the 
Raniganj, but more especially in the Karharbari field, fairly good 
qualities of coke can be made. In the Raniganj field the best coke 
has been made from the Sanktoria coal. The percentage of ash in coal 
which is brought to market averages from 10 to 15 per cent., that is to 
say that coal with less than 10 per cent, of ash does not commonly 
occur, and coal with more than 15 per cent, does not, as a rule, find a 
ready sale. Exceptions to the former occur in the case of the seams 
at Sanpur and Ramandiha, in the Raniganj field, where the percentages 
of ash arc only 8*7 and 8‘9.* 

As regards the proportion of fixed carbon which ia the most impor- 
tant factor in the production of heat, the average in the Raniganj field 
is under 55 per cent., while in the Karharbari field it is })roba]>ly about 
10 per cent, higher. There is no case of a true anthracite having been 
discovered in any of these fields; but ihe eruslu'd and powdered coal at 
the foot of the Darjiling Himalayas, which has been described by Mr. 
Mallet approximates in character to anthracite on account of the removal 
of its original volatile constituents. 

The moisture or hygrornetic water varies a good deal in the coals from 
the dilferent fields. In those of the Godavari and Wardha areas it is 
exceptionally high, being often 14 per cent., while in the Raniganj field 
the average is not more than 4*8 per cent. 

The quantity of suljdiur and phosphorus is very variable in different 
seams, and though often large, coal sufficiently free from these impurities 
is to be found for the manufacture of iron and steel, especially if the 
newest processes are applied. To this subject reference will again bo made 
in the chapter on iron. The average of 31 assays of coals from Rani- 
ganj by Mr. Tween gave sulphuric acid 0*44 j>er cent, and phosphoric 
acid 0*83 per cent. 

The characteristics of the coals of the extra-peninsular areas are so 
variable that they must be described under their separate headings 
below. Generally speaking, the tertiary coals are bright and jetty and 
non-laminated, and they are more bituminous than the coals of the 
peninsular fields ; many of them are extremely friable and susceptible 
to disintegration under exposure ; they do not cake as a rule and the 
proportion of ash is small. 

' Hnglios. Rocovils, G. S. I„ Vol. YU, p. 21, 

2 Mom., G. S. 1., Vol. XI. 
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Table showing the coal itnporied int>o and raised in India for the gears from 
1852 to 1880 inclusive. 


Years. 

Imports. 

BKNaAL Fields. j 

Central 

PiioviNCBS Fields. j 

Total 

COMHUmp- 

tiou. 

Uauigan j . 

Karhar- 

bari. 

Total. 

Warora. 

Mopiini. 

Total. 

1862-58 


! 43,662 








1868-64 


68,410 








1854-65 


41,987 








1856-66 


76,712 








1866-67 


82,078 








1867-58 


92,983 



293,143 




386, 126 

1868-50 


951,701 








1859-60 


74,2G3a 


' 368,960 


scs^m) 




413,223 

1800-61 




873,633 


373,633 





1861-62 


174,8025 


288,336 


288,336 





4t{3,19S 

1802-63 


122,722 


319,660 


319,660 




412,382 

1863-64 

, 

189,611 

1 

352,036 


862,036 




641,617 

1864-05 


210,985 

1 

334,633 


331,633 




651,618 

1805-60 


228,310 


326,312 


326,312 




664,631 

1866-67 


267,662 c 


399,630 


399,630 




657,282 

1867-68 


308,618 


423,034 


423,034 




791,652 

1868-60 


332,718 


407,026 


407,620 




800,314 

1869-70 


315.935 




f 431,828 




717,703 

1870-71 


209,398 

369,431 

30,000 


SOO.Wl 


7h 


' 78 

06.8,905 

1871-72 


361,960 

284,623 

37,820 


322,113 


5,917 


6,947 

090,360 

1872-73 


310,265 


70,000 




7,332 


7,332 


1873-74 , 

1- \ 364,231 






9,161 


9,1.51 


1874-75 

360,251 
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16,107 


15,161 


1875-76 


1 388,480 

467,921. . 

I 5" 




11 

19,170 

■■ 

19,181 


1876-77 


1 623,381 

/ 

467,924 S t 




1,089 

13,912 


16,001 


1877-78 

1 

/ 603,731 

407,921-^ < 

308,380 


776,310 

2H,14«i 

12,972 


41,118 

1,121,169 

1878-79 


1 473,027 

623,097 

381,173 


tK) 1,270 

35,921 

10,381 


46,308 

1,423,606 

1879-80 


1 587,634 

400,GJ>9 

302,841 


832,643 

26,078 

10,618 


35,696 

1 ,456,873 

1880-81 


VG18,720a 






16,039 

9, 4^)1 


\ 25,440 







K 6,641 

114,375 

. 221,016 



^ Hughes. Kccords, G, 8. I., Vol. XII, (a) Doubtful, {h) Incomplete lor Bengal, (c) For eleven montlis 
only. 

“ Prom Appendix to Financial Statement ** Government Gazette" 18fi0-81, (a) Fur eleven months only. 

* From Dr. Oldhani’s Coal Resources and Production of India ; Calendar years. 

* From Bengal Administration Reports. 

* From return of coal carried by Great Indian PeninBUln Railway these figures do not agree with the 
actual output. Moreover tlicy refer to the calendar ydars not to the official, as do the returns from Bengal. 
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In the preceding table an attempt has been made to represent the 
actual consumption of coal in India, but, as will be seen by the foot- 
notes, the figures are culled from various sources and are not by any 
means, of equal degrees of authenticity. As separate statistics of coke 
and patent fuel imports are not available for all the years they have 
been omitted, but if to the totals given in the last column, for the last 
few years, an average of 50,000 tons be added to cover these imports, 
and to cover all the coal raised in outlying fields, regarding which there 
arc no statistics, we shall arrive at the conclusion that the total present 
amount of mineral fuel consumed in India is 1,500,000 tons per annum, 
of which one million is raised in the country and half a million is im- 
j)()rted. In Appendix A. will be found a statement of the coal and 
coke imports for the years from 1867 to 1880. It will be observed that 
there are discrepancies in some cases, the totals of coal and coke being 
actually less than the total for coal alone in the above table ; but for these 
an explanation will be given. 

The price of European coal at Indian ports varies from time to time as 
might be expected, the causes for fluctuation being so obvious as not to need 
special indication. In the last financial statement issued by the Govern- 
ment of India the average value per ton of European coal at the Indian 
ports for the past five years was given as follows : 1876-77, 11s. 17-15-6 ; 
1877-78, Rs. 16-9-8; 1878-79, Rs. 18-16-9; 1879-80, Rs. 19-2-31 
1880-81, Rs. 18-1-10. Taking the average of these again the cost 
has been Rs. 18-2-1, which put into English money, at an exchange of 
Is, Sd. per rupee, would be £1-10 per ton. Although the price has 
often been higher it has on occasions been very much lower : thus in the 
year 1871-72 English coal was sold in Calcutta for from Rs. 8 to 9 per 
ton, or about half the above amount. Strangely enough it is stated ^ that 
the high price of coal in England in 1872 had no effect on the Calcutta 
market. 

Australian coal has been imported since 1857, but the amount has 
fluctuated much from year to year : in 1858, 14,061 tons went to Bengal 
and 8,998 to Bombay. In 1874, 14,677 went to Bengal and apparently 
none to Bombay. In 1877 only 799 tons wont to Bengal and none to 
Bombay. In 1879-80 the total imports rose to 49,128 tons. 

English coal, it may perhaps be said, except under exceptional 
demand, could not command a higher price at the principal ports than 
about £2 a ton. 

Tlic price of Indian coal at the piCs mouth vailes a good deal in the 
difCorent fields; thus coal which, in Uaniganj, might he obtained perhaps 

’ Bengal Administration Beport, 1872-73, p. 228. 
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for Rs. 2-8 to Rs. 3 a ton costs about Rs. 10 at Mopani. To the prime 
cost at the mines must be added the cost of carriagfe at the rate of ^th 
pie per maund per mile, or Rs. 2-5 per ton per lOO miles, in order to 
obtain the value of country coal at towns situated on the Railway. 
On the Jabalpur branch of the East Indian Railway, in 1878, the average 
cost of coal from the Company's mines at Karharbari was £l-2-4| 
I)er ton. Further down the line to Bombay, on the Great Indian 
Peninsula Railway, there is an oscillating point where sea-borne English 
coal meets Bengal coal at equal rates, the amount of work each can do 
being taken into consideration. 

In Madras, according to a table quoted below, the price of Karhar- 
bari coal is Rs. 27-4 per ton, Raniganj costing Rs. 20-3-5 i)er ton. 
Until they can be put down at the Railway station there at about one- 
fourth less respectively they will not be able to compete with imported 
j)atent fuel, which, while it costs only a little over Rs. 22 a ton, has a 
much higher working ])ower. 

On many of the lines in Upper India wood fuel is largely employed, 
being much cheaper than coal, upon which freight for perhaps 1,000 
miles or upwards has been ]t!iid. 

In the account of the Raniganj field below there will be found 
a brief sketch of the method of coal-mining in practice there. In some 
cases it appears to have been excogitated by the early pioneers, to whom 
the systems of coal-mining in practice in Europe were unknown; and 
the methods then adopted for bringing the coal to bank are tenaciously 
held to by the native miners, with whom the trade has become here- 
ditary. Such people are averse to innovation and are ready to strike 
when a qualified manager endeavours to introduce some system to replace 
any old custom. Steady though gradual progress is, however, being made 
in this direction ; but it is still the case that in the oldest, largest, and 
most valuable field in India the system of mining is far behind those in 
practice in the other fields, where everything had to be commenced and 
the labour educated de novo within the last deetwle. In the latter cases 
trained engineers have entered upon almost virgin fields, and have with 
more or less success commenced operations in a legitimate manner with- 
out leaving the evil consequences of bad and destructive work to those 
who may have to follow them. 

Any one is capable of setting a party of coolies to delve and hack 
away at an exposed outcro]) of coal. Of course the coal so taken out is 
at first easily got and at a low rate of expenditure, and this is sometimes 
regarded as being economical coal-mining. It would be impossible to 

2 T. W. il. Uvi^^hes. Uocordp, G. S. 1., Vol. Xil, p. 83. 
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offer any estimate of the amount of injury which was thus done to 
valuable seams in the early days of the industry. 

At both the Bengal fields labour is abundant, but in those of the 
Central Provinces it is often insufficient. Accidents, particularly those 
accompanied by loss of life, are of rare occurrence ; but a single fatal 
accident, especially if it take place under-ground, is apt to cause a general 
scare and stampede, and there is no doubt that were it not that they are 
so, and that the miners are as a rule fairly and justly dealt with by 
those over them, labour, which is now plentiful, would become very 
difficult to obtain. 

Plate No. II represents a ^ gin in which women supply the motive 
power. At the principal mines, especially at Karharbari, these gins arc 
speedily being replaced by suitable hauling engines, but though destined 
to become extinct there are not a few of them still in the Raniganj 
field. 

The following list gives the names of all the separate coal-fields which 
are known to exist in India, and the respective basins or valleys in which 
they occur : — 

Peninsvilar Coal-fields. 

Madras. 

ixiddadanol . . . . . ^ 

Madaveram or DamorclK'rla 




Hyderabad or Nizam s territor/f. 


Kiinnigiii 

8iagareni 

Alapalli . 
Kamaram 

Bun del la 

Chiiiur . 
Tundur . 
Aksapur . 
Antargaon 


Ward ha and Godavari Valleys. Several 
of thcBO arc ineiely oulcro|>s of 
Barakur or coal in(?asuro rocks on 
the margins of the Gondwana basin, 
and perhaps should scarcely be called 
1 fields. 

(Sasti) 

Orissa. 

/ 

Talcliir 

Bengal. 

Bajmahal Hills include five isomi -detached 
fields 
tlainti 

Brahmini Valley. 

Sahajori . 

Kundit K Uriah 
Karharbari 

• 

^ North of the Damuda 
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Raniganj 

Jharia .... 
Bokaro .... 
RaiTigarh 

Karan pur a, North . 

Ditto, South . 

Chope .... 
Itkuri .... 
Aurunga .... 
Hutar .... 
Daltongauj 
Tattapani 

Irea .... 
Morne .... 
Singrowli 
Sohagpur 

Jhilmilli .... 

Bisvampur 

Lakhaupur 

Bam pur .... 

Central Provinces 
Raigarh and Hingir 
Udaipur and Korba 
Mopaiii .... 
Sliapur or Beiul . 

Pc'ucdi .... 
Wardlia .... 

a. Bandar . 

b. Warora . 

c. Gbugus . 

d. Wun 

e. Between Wun and Papur 

f. Junara and Chicholi 
<7. Sasti 

A. Paoni 


Damuda Valley. 


North -wc.st and west of Damuda 
Valley. 


l^Valleys of the Sonc and tributai ies. 


* ^Mahanadi Valley. 
. ^Satpura Basin. 


Wardlia and Godavari Valleys. 


Madras. — To the great importance which an accessible supply of 
good coal would possess in Madras is no doubt to be attribut/cd the 
number of discoveries in that part of India of so-called coal scams, which 
on investigation ]>y qualified experts have in most cases proved to be 
something very different from what the enthusiasm of the discoverers 
led them to believe. These discoveries which were calculated to and 
did stimulate the interest of the Government and the public gave rise 
to a large amount of literature, whether in the form of original descrip- 
tions, with the speculations dependent thereon, or of sulisequent corre- 
spoiidenco. As this literature still exists it is only right that it should 
be noticed here. The statements made in one volume must be placed side 
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by Bide with their refutation in others. If tliis were not done the 
former mi^ht be a eause of trouble and eonfusion in the future when 
all memory of the refutation had jxassed away. As a rule the extrava- 
gant speculations of enthusiasts find a more ready circulation than do 
the more matter of fact and often less sanguine opinions of experts. 

As evidence of the thoroughness with which search has been made 
in the Madras Presidency the following are not without their value. 
It would surprise and amuse the reader were a list made of all the hete- 
rogeneous substances whose presence has been stated to afford favour- 
able indications of the presence of coal. 

Malabar: Bkpur ou Beypoor, Lat. IT" 10'; Long. 75'’5^P. — A 
carbonaceous deposit^ which was discovered at several points along the 
Malabar coast by Captain Newbold* and General Cullen/- having given 
rise to a supposition that coal might be found close by, may be most 
conveniently described here. 

The first exposure of this bed described by Captain Newbold was 
seen in the bank of the Bepur river within the range of the tide. It was 
a lenticular mass varying in thickness from 5 feet down to inches. 
Portions were laminated and earthy ; others seemed to consist wholly of 
carbonized woody matter ; the colour varied from greenish to jet black. 
In places shells wore imbedded. The further description mentions car- 
bonized trunks and branches eroded and projecting from the mass. 
Similar deposits were met with at Vorkully or Warkilly, ] 5 miles south 
of Quilon, in the hanks of the Tutalla river, in South Malabar and 
between Paulgliaut and Calicut. The bed at Quilon, which had a lenti- 
cular shape, was stated by General Cullen to be included in lateritc 
which rests on gneiss. This locality has been recently examined by 
Mr. King, who has found that the lignite occurs with tertiary sand- 
stones and alum shales which he thinks are probably of the same age as 
the Cuddalore sandstones. There appears to be no prospect of those 
deposits yielding a large amount of fuel. 

Mysore. — Lr. Hunter/*^ Superintendent of the S(?hool of Arts, 
Madras, described as coal a substance received from Dr. Orr, of Banga- 
lore, which he says was poor shaly stuff, and which burnt feebly, emitting 
a bituminous smell, but did not catch fire ; it was in thin layers not more 
than from half an inch to three-fourths of an inch tliick. It was coloured 
green with chlorite, and the fact of its being in very small pieces and 
associated with what is called a true transition conglomerate, very rich 

^ Mndras .Tour, of Lit. aiul Sci., \'ol. XI, p, 239. 

’ Op. ft vol. c'i/., p. 242. 

’ Indian EconoTuit?t., II, p. 210. 



Eoomymic Geology ] kistna and (IODAVari district. 


69 


both in iron Lind miiniij’aiiese, was apparently considered to be a ^ood 
‘ indication/ This coal does not. appear to have attached so much notice 
as some of the other ^discoveries ^ noted hclow. 

Bellary. — NcLir the Yerra^oody hill samples of coal were discovered 
by Dr. Hunter in 1871, and the Madras Govorninent were stron<^ly 
urii^ed to have borings made in older to win the seam from which they 
were supposed to have come. Before this was done Mr. Foote* was 
deputed to examine the actual spot where the coal had been picked up. 
lie found the prevailing’ rocks were granitic gneiss traversed by trap, 
and he demonstrated most clearly that the coal must have eitlier drojiped 
off a passing cart or have been carried by some other means from a depot 
(d English coal on the railway, S miles off. 

Nellore. — Mr. G. Powell ^ in 1857 discovered in four different spots 
in the Caligherry taluk a substance which he states has such a strong 
similitude to coal that he takes the liberty of calling it coal,^'^ and the 
places where he obtained it in quantities ^ seams / notwithstanding his 
matter-of-fact account of its mode of occurrence his samples proved, on 
examination by Mr. Wall, to be simply fragments of schorl/'^ but they 
did include one combustible substance which Mr. Wall stated to bo 
asphalt, but it appeared to have no history. Some real coal that had 
previously been found here by Mr. Powell, Mr. Wall concluded had l>een 
carried there by accident. A piece of lignite from the alluvium in the 
Tada taluk had been shown to Mr. Wall by Dr. Hunter. 

Kadapah,— Dr. Hunter in the year 1871 brought to the notice of 
the Madras Government the opinion of a Mr. Adams, a practical coal- 
miner, that there were good indications of coal at a spot 5 miles north- 
north-west of Kadaj)ah, where tlic limestones of the Karnul series have 
lieen quarried. The locality was visited by Mr. Foote,^ who failed to 
find the faintest trace of any carbonaceous matter in the rocks. 

Kistna District : JuraAPETi'A. — In the year 1851 Colonel Applegnrth 
was impressed with the idea that the rocks of Jugiapetta contained coal, 
and having made several small sinkings a substance was brought to him by 
those whom he employed which supported combustion ; much correspond- 
ence ensued, and at last, in January 1868, the locality was visited by Dr. 
Oldham, who was accompanied by Colonel Applegarth and Mr. Sturt, 
Acting Head Assistant of the district, who had already endeavoured, with- 
out success, to find traces justifying a belief in the existence of a coal-field. 

' liecords, G. S. I., Vol. IV, p. 16. 

^ Madras Jour, of Lit. and Sci., Vol. XVIIT, p. 291. 

^ Conf. W., Records, G. S, I., Vol. Vil, p. 160. 

‘ Records, G. S. I.. Vol. VI, p. 17. 
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After careful examination, Dr. Oldham was compelled to report* that there 
were no grounds wliatever for hope that coal would be found in the area. 
The rocks, without exception, belonged to formations long anterior to the 
coal-bearing rocks of India, and their lithological and metamorphosed char- 
acters were wholly inconsistent with the idea of coal occurring with them. 
There was, moreover, no more reason for coal occurring there than in any 
other part of the districts where the same rocks are found. 

The Government of Madras accepted with regret the fact that Dr. 
Oldham^s exploration and report had proved * beyond all doubt ^ the non- 
existence of coal in the valley of the Kistna. 

But the matter was not allowed to drop. Colonel Applegarth again 
and again addressed the Government on the subject, and published letters 
in Englisli and Indian newspapers, insisting ui)on the existence of a coal- 
field where the subsequently published geological report by Messrs. King ^ 
and Foote ^ showed it absolutely impossible that coal measures were ever 
found. At length, in the year 1874, on the suggestion of Mr. H, B. 
Medlicott, then Officiating Superintendent of the Geological Survey of 
India, the Government of India addressed a letter to the Government 
of Madras, proposing that Mr. Vanstavern, then engaged on borings in 
the Beddadanol field, should be directed to set the matter finally at rest by 
making borings at points indicated by Colonel Applegarth with his own 
hand on his own map. 

In April 1875 Mr. Vanstavern supplied sections showing the rocks 
passed through in 11 borings at the indicated localities at Raveralu and 
Vadadey. These borings, it is perhaps almost needless to remark, did not 
prove the presence of any rocks younger than those seen at the surface, 
nor did they encounter any rock resembling coal. Phoenix-like this 
matter will possibly again rise under the fostering care of some enthusiast 
who may meet with the early positive statements. It is for this reason 
alone that so many lines have l)een devoted to the subject here. 

Having thus pointed out certain localities where coal does not occur 
within the limits of the Madras Presidency, it is now necessary to pass 
to the description of those where it does. Although there is an exten- 
sive tract of Kamthi rocks, which may overlie coal measures in the 
Godavari valley, there are only a few points on its margins where they 
actually crop out, and as yet it is not known how far they may extend 
underneath, nor at what depths the coal would be found if deep borings 

^ Procmlings, Madras Government, Revenue Department, 6tb March 1868. 

* Mem., G. S. I., Vol. VIII. 

* Special memorandum on the subject by Mr. Foote, Department of Agriculture, 
Revenue, and Commerce, 1874i. 
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were undertaken. These outcrops are at Bedadanol^ Madavaram (or 
Damercherla), and at Lin^alla, 

Beddadanol, Lat. 17° 14'; Long. 8F 17' 80". — This field, which 
is about square miles in extent, is situated about 38 miles west- 
north- west of Bajamahendri. It was first discovered by Mr. W. T. 
Blanford* in 1871, Subsequently, in 1875, it was visited by Mr. King/-' 
who gives further details as to the strata which are exposed. No 
coal was seen, but the sandstones presented a strong resemblance to 
those of the Singareni field. Borings made here by Mr. Vanstavern in 
1874 fully bore out the prediction that this was an area of coal measures, 
as four scams were struck, the largest being 4^ feet thick and at a depth 
of 188 feet 4 inches from the surface. But the quality of the coal, as 
indicated by analyses made by Mr. Tween, showed tliat it was excessively 
poor stuff and perfectly worthless as fuel. This is a most unfortunate 
fact, as the discovery was the first genuine one which had been made in 
the Madras Presidency. 

The analyses were as follows 

Average. Picked. 



Coal. 

Coke. 

Coal. 

Coke. 

Carbon . 

. 16*4 

22-5 

37*0 

69*5 
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. 30'C 

... 

37'8 

, , , 

Ash 

. 63*0 
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25*2 
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1(X)*0 

KWO 

1000 
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It seems to be still possible, however, that borings to the deep, within 
tlie margin of the overlying Kamthi rocks, may prove coal of better 
quality and greater thickness. The coal proved, it should be remembered, 
was in all probability near the original edge of the deposit, where it 
might easily be less pure and less thick than nearer to the centre of the 
basin. 

Damebcherla (OE Madavaram), Lat. 17° 36'; Long. ST 7". — The 
most important portion of this field being included on the Nizam^s side 
of the rivci* Godavari, it will be described below. The amount of 
coal on the British side is considered by Mr. Blanford not to exceed 
25,000 tons. 

Lingalla, Lat. IS*"; Long. 80° 54'. — In the small area of Barakar 
or coal-measure rocks surrounding Lingalla, two seams, neither of 
them exceeding 2 feet in thickness, were found by Mr. Blanford'^ in 

' Kecords, 0. S. I., Vol. IV, p. 49. 

* Idem, Vol. V, p. 112, aud Vol. VII, p. 159. 

3 Records, Q. S. I., Vol. IV, p. 59. 
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tlio bank of tlie Godavari, and another 5 feet thick in its bed. A boring’ 
])ut down to test the extension of this bed inland was unsuccessful. 

In the year 1880, officers in the Nizami’s service were engaged, accord- 
ing to Mr. King,* in making borings to test the field on the western 
side of the river, but with what results is not at present known. 

As the coal found on the British side is of poor quality, and as it, 
would bo difficult to work these beds under the bed of the river, even if 
they wore of bettor quality, the held is not of much value. 

Hyderabad or Nizam’s Territory.— Although in Part I of this 
work the coal-bearing rocks of the valleys of the Godavari river and 
its tributaries have been treated as a whole without special reference 
to territorial boundaries, in this economic account it has been thought to 
be advisable to group the actual coal-helds according to the territories 
in which they respectively occur. It is for this reason that the coal- 
fields of this tract are disassociated from one another under the headings 
of Madras, Hyderabad, and Central Provinces with Berar. 

Within the limits of the Nizamis territory coal-bearing Barakar 
rocks are found in the following localities proceeding from south to 
north : Kunnigiri; Madavaram or Damercherla, Singareni, Alapalli, 
Kamaram, Bundella, Chinur (or Sandrapali), Tandur, Aksapur, Antar- 
gaon and Sasti. 

These localities, with the exception of Alapalli, are all situated on or 
beyond the margins of a tract of Kamthi rocks, which doubtless overlie 
coal measures, but to what extent is not yet known. It can only be 
determined by deep borings. Mr. King^s^ recently published memoir 
contains the latest information on the subject. 

Kunnigiri or Kanigheri. — Tliis is a small tract of Barakar rocks, 
which extends for a distance of about 6 miles at the salient angle of 
the lower Godavari basin, 25 miles south-west by west of Bhadraehellum. 
No coal has yet been found, but the presence of the coal-measure rocks 
is of great importance with reference to fuiure exploration by boring. 

Madavaram or Damercherla, Lat. 17° 36'; Long. 81° 1 .' — This 
small field is situated in the bed of the Godavari below Bhadrachellam, 
extending thence for a short distance on either side into British and 
the Nizamis territory respectively. It was first reported upon by 
Mr. W. T. Blanford^ in 1871, by whom it was estimated that on the 
British side, as above stated, there are 25,000 tons of coal, of which 
perhaps only half are available on account of the great admixture of 

1 Mem., G. S. I., Vol. XIX, Part 1. 

- Kecordfi, G. S. I., Vol. IV, p. 59. 
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sliale. Under (lie orders oi* His Grace the Duke of Biickiiie;*l»am a shaft 
was sunk to a depth of 56 feet last year (1880) ; but the work is now 
at a stand-still. 

In the bed of the river on the Nizamis side a series of 14 borings 
were sug’g'ested by Mr. Blanford, but after six had been carried out opera- 
tions ceased in consequence of representations made by the Nizamis 
Government. In 1874, according to Mr. King/ some borings were made 
by the Nizamis officers in an area 3 miles from the village of Rya- 
goodium, and 5 miles south of the Godavari. Three seams of coal were 
discovered as follows : (1) One foot thick at 247 feet from surface; 

(2) four feet thick at 272 feet; (3) six feet thick at 314 feet. The 
quality of the coal appears to have been somewhat inferior. Fora fuller 
account of this field refci'ence should be made to the papers quoted. 

SiNGARENi. — This field is situated near the village of Singareni, lat. 
17* 30' 30"; long. 80° 20', in the Hyderabad territory, about 30 miles 
to the south-east of the Kamaram field. Its area is 19 square miles, 
the coal measures being found throughout about 8 square miles. The 
groups represented are Kamthis, Barakars and Talchire. One coal 
seam was originally discovered, but being much concealed its thickness 
was not ascertained ; an assay of a sample from it gave result A — 



A. 

B. 

Fixed carbon .... 

. fi2-4 

f>0-0 

Volatile . ' . . . 

. 22 C 

230 

Moisture (6) .... 
Asli ..... 

. 15* 

11* 


100* 

100' 


Four seams have since been proved by boring. Their thicknesses 
arc respectively 6, 3, 3, and 34 feet. The last is said to consist of solid 
coal ; an assay of a sample yielded the result given above under B. 

This field may possibly become of some economic importance, as 
there is some prospect of there being a railway constructed at no great 
distance from it, from Hyderabad to Bezwada. 

Already 300 tons of coal from it have been carted to Hyderabad, 
where it was found to answer well both for smithy purposes and in 
stationary engines. It has also been tried on the Madras Railway, but 
at present cost it cannot compete with patent fuel there. It was found, 
however, to be a serviceable fuel. For a full account of the trial refer- 
ence should be made to Mr. King’s report. ' 


1 Mem., Cf. S. I., Vol. XIX, Part 1. 
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Patent fuel is at present used on the Madras Railway at a cost of 
Rs. 22-11-9 per ton. The following table received by Mr. King 
from Colonel Sankey, C.B., Chief Engineer to the Madras Government, 
will show at what cost coal from different fields must be laid down in 
Madras in order to compete with this fuel 

Karharbari coal costs at Madras Rs. 27 4 0; should cost only Rs. 1920 

Rarakar „ „ „ „ 21 0 0 „ „ „ 10 7 0 

Ditto „ „ „ 22 12 0 „ „ „ 10 3 0 

Rani^anj „ „ „ „ 20 3 5 „ „ „ 14 13 0 

Siugaroni (trial) „ „ „ 29 7 6 „ „ ,,15 4 0 

The Raniganj coal used in this trial cannot have been even of 
average quality. According to Mr. J. Blackburn coal costing Rs. 10 a 
ton loaded in Calcutta can now be delivered into carts in Madras for 
lls. 20-4-6. 

Alapalli, Lat. 17° 60' ; Long. 81° 32'. Mr. Blanford* describes the 
discovery of fragments in the Kinarswami stream, a tributary of the 
Godavari, near a village called Alapalli, 30 miles south-west of Duma- 
gudam. The rocks seen there seemed to be Barakars, but no seam was 
found, though a concealed outcrop may exist under the sand. 

Kamaiiam,^ Lat. 18° 5'; Long. 80° 14'. — This name has been given to 
two small fields situated near the village of Kamaram, which lies 40 
miles a little north of east from Warangul, in the Hyderabad territory. 

The larger one is 6 miles long by about 1 mile broad ; it consists of 
Talchir, Barakar, and Kamthi rocks. It includes two coal seams of fair 
coal, measuring respectively 9 feet and G feet. The available coal is 
estimated at 1,132,560 tons, and it is stated to be equal to the average 
coal of the Wardha fields. Its position is unfavourable to its develop- 
ment, water carriage being too far distant. The smaller field, which is 
about half a square mile in area, is believed to be of no importance. 

CiiiNUii, Lat. 18° 50' 30"; Long. 79° 52'. — A narrow outcrop of 
Barakar coal measures between the village of Chinur and Sandrapali was 
discovered by Mr. Hughes.^ The total thickness of the beds is 200 
feet ; no outcrop of coal is disclosed, but large fragments of coal which 
had been carried into the Godavari by the Sandrapali stream were found, 
Mr. Hughes is of opinion that a boring on the right bank of the Goda- 
vari below the point where the stream joins it will strike coal at no great 
depth. He alludes to the old operations in connection with the supposed 
occurrence of coal at Kota,^ 4 miles north of the Godavari. 

* Records, G. S. L, Vol. IV, p, 82, 

2 King, W. Records, G. S. I., Vol. V, p. GO; and Mem.,G. S. I., Vol. XIX, Part 1. 

* Records, G. S. I., VoL XI, p. 22. 

* Walker, Dr. Madras Jour, of Lit. and Soi. Vol., XVII, p. 261, and Vol. XVIII, p. 261. 
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Tanbur, Lat. lO"" 9' • Long*. 79° 30\— As being about the centre of 
a strip of Barakar rocks, which extends from Kairgura to Aksapali, the 
village of Tandur may be used to indicate the position. It contains 
one seam of 15 feet, most of which is coal and much of that of fair 
quality. Mr. Hughes { 1 . c.) traced this seam with varying thickness as 
far as the Yuloti river, where the dip is 1 1° to north 20° east. To test 
its further extension southwards borings are recommended. 

Aksapur, Lat. 19° 21'; Long. 79° 2S'. — Between Kasni and Aksa- 
pur there is a small exposure of Barakars, but no coal is yet known to exist. 

Antaugaon, Lat. 19° 32' 30'j; Long. 79° 33.' — South of Antar- 
gaon the Barakar rocks, according to Mr. Hughes, include a seam of 
about 6 feet, of which 9 inches is shale. The following analyses are from 
this locality and from the above-mentioned Kairgura seam: — 



Kairpura. 

Antarpraon. 

Carbon .... 

. . . . 45'() 

61 -20 

Volatile .... 

. 42-2 

28-25 

Asb .... 

. 12-2 

20-49 


100. 

100- 

Moisture 

. 9*4 

8-7 


Mr. Hughes states that the Antargaon samples were from the sur* 
face ; they may therefore, perhaps, not give a fair indication of the 
quality of the coal. Both coals include a large proportion of moisture 
which is a common characteristic of the coal in these fields. 

Sasti. — T he coal of Sasti and Paoni will be referred to again in the 
account of the Chanda field, although it is in Hyderabad territory. One 
seam of 50 feet has been proved. It contains a considerable proportion 
of good coal from which fair results were obtained in a trial at Bombay. 
Mr. Hughes estimates the area to be 1^ square miles. Mining operations 
were carried on here by the Nizamis officers from 1871 to 1874. 

Orissa: Talchir.J — The Talchir coal-field is situated in the valley 
of the Brahmini, which may be regarded as a tributary of the Mahanadi, 
since it anastomoses with it in the conjoined deltas. The area is about 
700 square miles in extent. The groups represented have the following 
estimated thicknesses: Mahadeva, 1,500 to 2,000 feet; Kamthi and 
Barakar, about 1,800 feet; Talchir, 500 feet. The Talchir group 
received its name from this locality, a Native State, where it was 
first discriminated. 

The coal is of inferior quality ; one large seam at Gopalpersad is 
largely made up of carbonaceous shale, being similar to that to be 

‘ Blanfordaiid Theobald. Mem., G, S. I., Vol. I, pp. 33, 38 i Ball Records. G. S I , 
Vol X, pp. 170, 173. 
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described as occurring in Hingir. In assays which have been made of 
fair samples of the coal from the two principal seams at Patrapara, 
the fixed carbon did not exceed 30 per cent.^ while the proportion of 
ash ranged from 30 to over 40 per cent. In a practical trial at 
Cuttack of some of the Gopalperead coal there wns a residue of 34 per 
cent, of ash and clinker. The demand for coal in Orissa is too limited 
to render it probable that under present conditions of communication 
the field will ever be of much value. 

Further to the south-east, partly in the Athgarh State and crossing 
the river not far from the town of Cuttack, there is an area of sandstones 
and conglomerates in which fossil plants of the Rajmahal group occur. It 
was at one time thought that these might overlie coal measures, but there 
is no sign of the characteristic coal measures anywhere on the margin of 
tlie deposits. Some black shales seen near Naraj encouraged the idea that 
coal would be found, but these really belong to the non-coal-bearing 
Rajmahal group. 

B6ngal : Midnapu]i.— Among the cases of supposed discoveries of 
coal, descriptions of which arc given in these pages, one which had for 
its scene the jail grounds of Midnapur, is distinguished by its having 
been a deliberate and cleverly conducted attempt to deceive the public. 

During the sinking of a boring for an artesian well in the Central 
Jail at Midnapur in the year 1869, a European convict who was placed 
in charge of the work, first as a prisoner and afterwards, when his 
time had expired, as a free man, expressed a confident opinion that if the 
boring were carried on beyond the depth of 118 feet, wliere a second 
water-bearing stratum had been found, then coal would be struck. Proof 
of the correctness of these predictions was soon forthcoming, for at 121 
feet it was announced that a coal seam had been reached, and at a depth 
of 130 feet it was Rdieved that the seam still continued. Samples of 
the coal on being analysed gave excellent results, and much interest 
was excited l^y what appeared to be so important and valuable a disco- 
very. Orders were issued to test the extent and dip of the seam by addi- 
tional borings, and new boring tools were ordered by telegram from 
England. These were put down and operations were continued with 
varying and most unexpected results which it is needless to detail. 

The operations which were at first conducted independently of the 
Superintendent of the Geological Survey, were subsequently carried on in 
communication with him. There being no a priori argument against the 
possibility of coal being found under the alluvium and laterite of Midna- 
pur, the Executive Engineer, who initiated the operations, was advised as 
to the best method of testing the matter thoroughly. There would be no 



Economic Geology ] 


BENGAL. 


77 


object attained by giving here uprecis of the pile of correspondence exist- 
ing with reference to this matter; it will be sufficient to state that on, the 
bore holes being subjected to a careful watch the coal ceased to appear, 
and shortly afterwards, in December 1870, the ex-cOnvict absconded, and 
on his house being broken into, prepared coal was found as well as large 
lumps, and it was completely established that all the coal which had been 
brought up by the boring tools had been first put down, and that 12 
months of labour and not a little expense had been caused by the cunning 
and deception which had been practised by this man. The subsequent 
proof, to the satisfaction of the authorities, that there never had been a 
coal seam, was not obtained without a further expenditure of time. 

Calcutta. — The fact that coal was once obtained at a considerable 
depth below Calcutta, though perhaps of more scientific than economic or 
practical importance, is certainly worthy of record here, and it is so, if for 
no other reason, because this opportunity should be availed of for detail- 
ing the actual circumstances connected with the discovery. 

In the year 1837, during some boring ojierations in Fort William, 
several fragments of coal were brought up hy the borer from a depth 
of 392 feet. These were forwarded to the Asiatic Society by Colonel 
McLeod, the Chief Engineer. ^ 

The coal had a specific gravity of 1*20, and was of fine quality, resern* 
bling specimens from Assam rather than those from Bengal. The 
fragments were rolled and had evidently travelled from some distance. 
Mr. Friusep^s'*-' assay of this coal was as follows : — 


Carbon .......... 35‘1 

Volatile matter ........ 50*2 

Abii • 5*7 


loo- 


It was therefore a very light bituminous coal, which may have conic 
from a far distant source. 

Kajmakal H ills.^ — The Kajmahal hills form a scries of low plateaus, 
which are situated at the point where the Ganges turns southwards to 
form the head of its delta. 

The formations in this area, which arc connected with the coal 
measures, are in descending order as follows : — 1. Lutcritc; 2. Rajmahal 
group, consisting chiefly of contemporaneous traps, with beds of shale, &c., 
containing fossils plants, 1,500 feet ; 3. Dubrajpur group (— Mahadevas), 

’ Jour., As. Soc., Ilonp.'il, Vol. VI, p. 709; Corbyirs Indian Review, Vol. II, p. 118. 

2 Idem, Vol. VII, p. 198. 

^ Mem., (J. S. 1., \'ol XllI, Fart I. 
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450 feet; Barakar group (coal measures) ; 5. Talchir. The whole cover a 
total area of about 4^000 square miles, but the coal measures are exposed 
over only 70 square miles; they doubtless extend, however, over a vastly 
greater area underneath younger formations. Separated by these overly- 
ing rocks five distinct areas or fields may be enumerated; 1. Hura; 
Chaparbliita ; 3. Pachwara; 4. Mhowagurhi; 5. Brahmini. These are 
all on the western margin of the hills. There is no continuity between 
the seams of these areas, and estimates as to the amount of coal could 
only be made on the vaguest and most imperfect data. It will be an 
interesting and economically important point to decide whether the 
coal measures extend underneath the traps, &c., to the east. If so they 
would be close to the water carriage of the Ganges. A boring which 
was made a few years ago with the object of finding out whether any 
coal occurred with some Barakar sandstones near Akbarnagar, north-west 
of Rajmahal, did not prove successful. It was carried to a depth of 256 
feet without getting through the supposed Barakar sandstone. 

The coal of this area is for the most part stony and bad. It is not 
now regularly mined, but a large quantity was extracted during the 
construction of the East Indian Railway. Should the occasion arise for 
re-opening the mines it is possible that some of the seams might be 
found to improve to the deep, although past experience of them is not 
encouraging. 

In Dr. Oldham^s report on the coal resources of India returns are 
given of the out-put from these fields for the three years inclusive 
from 1858 to 1860. The most important mines were in the Hura field, 
where from two, Hura and Borah, a total of about 40,000 tons was 
extracted in the two years 1859-60. The next in importance were at 
Tesaphuli, in the Chaparbliita field, where about 16,500 tons were raised 
in the three years. Altogether it is probable that not more than 100,000 
tons have been raised from these fields, and of that amount a large pro- 
portion was very poor stuff. 

Jainti, Saiiaoori, and Kundit Kuraiah. — Three small detached 
basins or outliers of coal measures bearing the above names occur in 
the districts of Birbhum and Deogurh, where metamorphic rocks mainly 
prevail. These fields are of little or no economic importance, as the 
coal is of poor quality and limited in extent. Samples of coal from 
Sahajori, which in Mr, Hughes^ ^ opinion represented the fair average 
quality, yielded, according to Dr. Waldie, 28 to 37 per cent of ash. 

Karharbaiu or KuRUURiiALi. — This small field, having an area of 
only 11 square miles, is situated in the district of Hazaribagh, at a dis- 

^ Mem., G. S. I., Vol. VIJ, p. 247. 
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tanee of abou t ^00 miles from Calcutta by rail. It is of great import- 
ance, both on account of its position and the quality of its coal. The 
sedimentary groups of Gondwana rocks represented in the area are Bara- 
kar and Karharbari (coal measm^es), 500 feet, and Talchir, 600 feet. 

According to Mr. Hughes^ the coal occurs in three principal seams 
which have an average total thickness of 16 feet. They spread over an 
area of square miles. The amount of coal he therefore estimated at 
1,360,000,000 tons, and the available portion of this at 80,000,000 
tons. 

An early sample assay gave the following results — carbon, 66*3; 
volatile matter, 23; ash, 10*7. In working power the Karharbaii 
coals were stated to be to those of the Haniganj held as 113 : 100. 

The most recent contribution to the literature of this held is a 
valuable paper by Dr. Walter Saise, F.G.S., Assistant Manager of the 
East Indian Railway collieries.^ By a somewhat different series of 
data derived from information subsequently obtained during the course 
of the mining operations, Dr. Saise arrives at what are practically the 
same hgures, as to the amount of available coal, as those given by Mr. 
Hughes, namely, 81,866,315 tons. That with variable seams, both as to 
quality and thickness, such as those which occur in this held, there should 
be differences of this kind, is only what was to be expected. Thus the 
Bhadua seam before it was opened up presented a most unpromising 
appearance, and it was impossible to predict with any degree of safety 
that it would be found to contain a valuable amount of useful coal. 
The following tables by Dr. Saise give hrst the commercial ; secondly, 
the ultimate analyses of the seams ; and thirdly, a comparison with 
Raniganj and English coals. 

Table /. 



Specific 

Gravity. 

Ash. 

Fixed 

Carbon. 

Volatile 

matter. 

1 Sulphur. 

Calorifie 

power. 

Bbujuuls. 


1*37 

11-67 

67-61 

20-83 

0-72 

13*93 

Ash white. 

Lower Scam . 

1-3-4 

9-63 

64-67 

26-80 

0-84 

13-20 

t Caking coal ; aah 


1'36 

9-15 

66-84 

24-00 

0-42 

13-20 

^ fawn-coloured . 

Upper Scam . 

1*33 

11-96 

60-46 

27-69 

0-62 

12-60 

Caking coal ; ash 

1*40 

13-60 

61*03 

26*37 

0-80 

12-4iO 

white. 

Caking coal ; ash 

Bhadua Beam 

1-40 

18-09 1 

61-46 

20-46 


12-26 

^rcy. 

Ash grey. 

Average 

1-38 

1233 

63-66 

2401 

0-66 

12-76 


Khuudiha Scam 


22-33 

69-10 

18-68 

... 

11-00 

Ash earthy. 


' h. r., }). 24«. 

’ Troeg, Nortu of EngUmd Institute of Mining a^d Mcclianicnl Engineers, Vol. XXX, 
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Table IL 






Nifroffwi 

I 





Carbon . 

llydroRcn. 

nud 

Oxygen. 

Sulphur, i 

1 

A 8b. 




7i'41 

4*28 

8*92 

0-72 j 

11*67 

j 

1 

Upper portion of scam. 

Lower Seam 


78 00 

4-72 

6-91 

0-81 

0*63 

Seramporo TiO\v(!r 

> portion 
Jogitand of Hcaui 



7H-20 

4-34 

7-y« 

0-42 

9*15 

LpjuT Seam 


7(V98 

4-10 

12*40 

()T*2 

11-96 

Karharbari. 



71-46 

4*31 

0-83 

0-80 

13-60 1 

iihadua. 

Itliadim Scum . 

G8 9i 

3-26 

0*72 


IS’OS ' 

1 

Seramporo. 



1 (}4*3H 

3 71 

9-50 


22-32 

Ditto. 


Table III. 



Spojtifie 

Gravity. 

Ash. 

Fixed 

Carbon. 

Sulpiuir. 

Volatile 

Timtter, 

AUTnOKlTY. 

C Lower Seam 
Karharbari . < 

C Average . 

1-36 

0*15 

66’H4 

0*42 

24*00 

J- Dr. Saise. 

1-38 

12-33 

03-66 

OCO 

2401 

^Cood epceimou . 
Tlauigan.i . \ 

(.Average of 10 . 


10*70 

61-80 


37-60 

Memoirs of the 
[ (loological Survey 
; of India, Vol. in. 

... 

36-27 

61-08 


32-05 

Weleh Coal .... 

1*312 

3*68 

82-60 

1*59 

13-GO 

Oftieial Report on 
eoal for itavy. 

— Lower Hcrios (Steam) 

1-312 

O'lG J 

69-36 

1T>0 

24-48 

^ Dr. Saise. 

„ Uliper „ (Gas) . 

1*26 j 

6*60 1 

60*67 

l'3a 

33*73 

1 


In the first table the caloriflc powers, which depend j)rincipally 
upon the amount of fixed carbon, were ascertained by Thomson’s calori- 
meter. The figures indicate the number of pounds of water which can be 
converted from the temperature of 212'’F. into steam by one pound of coal. 
The quality of Kaniganj coal varies so greatly that it would probably 
not be quite safe to rely too implicitly on the results set forth in the 
third table. Certain seams in the llaniganj field consist of coal quite 
equal to the best obtainable at Karharbari. Still the fact exists that for 
sieam work the Karharbari coals on the average are superior to those 
from Kaniganj. 

The Companies possessing coal mines in this field arc the East Indian 
llailway, the Bengal Coal Company, and llaniganj Coal Association. The 
first mentioned possesses by far the most considerable proportion of the 
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area. Accurate statistics of the total amount of coal raised in this field 
since mining was regularly commenced about 1-^ years ago are not acces- 
sible. Dr. Saise estimated up to the end of 1879 that 1,500^000 tons had 
been removed. According to the Bengal Administration Reports the 
total outturn from the Karharbari mines was for various years as 
follows : — 


] 867-68 


. 


. 

. 30,(X)0 


187] -73 . 




. 

. 37,820 


1872-73 . 


• 



. 70,0(X) 

Out of this the East Indianr 

1877- 78 . 

1878- 79 . 





. 308,380 
. 381,173 

Railway raised 208,790 tons, of 
which about 180,000 tons was 
used on the Rfiilway at a cost. 

1879-80 . 



• 


. 3(52,844 

oxolusive of oarriape, of 6 shih 
Hugs and 6 pence per ton. 


Should the output rise to 500,000 tons per annum, as it seems likely 
to do, the life of the coal-field will be 162 years. 

Raniganj' or Raneegunge. — This field is situated on the rocky 
frontier of Western Bengal at a distance of 120 miles from Calcutta. 

The groups represented with their respective thicknesses are as follows : 
Upper Panchet or Mahadeva, 500 feet; Panchet, 1,500 feet; Raniganj, 
6,000 feet ; ironstone shale, 1,400 feet ; Barakar, 2,000 feet; Talchir, 800 
feet; total, 11,200 feet. In round numbers the available coal, exclusive 
of waste, was estimated by Dr. Oldham at 14,000 millions of tons. 

The Raniganj coal-field is the largest and most important of the 
areas in which coal is worked in India. Its proximity to the main line 
of railway and also to the port of Calcutta tend to give it pre-emi- 
nence over other less favourably situated localities. The total area 
of the field which is exposed is about 50 0 square miles ; but it is 
possible that the real area may be even double that, since on the east the 
rocks dip under and are completely concealed by alluvium. Throughout 
this area a central zone includes the principal mines, and the numerous 
chimneys which occur in this tract make it the ‘ black country ^ of India. 
In the year 1774 coal was known to occur there, and so long ago as 
1777 was actually worked. In 1830 several collieries of considerable 
extent had been opened out and were, we have reason to believe, in a 
flourishing condition. 

In 1872, forty-four mines were at work, nineteen of which turned 
out upwards of 10,000 tons each per annum. At the present time 
there are five principal European companies engaged in the extraction of 


^ Bluuford, W, T. Mem., G. S. I., Vol. Ill, Pt. 1. 
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coal^ while many minor firms and native associations contribute to swell 
the total amount raised. The five companies with their resjiectivc 
capitals are as follows : Bengal, 2,200,000 ; Barakar, 150,000 ; Equitable, 
800,000; NewBirbhnm, 720,000 ; Kaiiiganj, 825,000 rupees. 

Formerly a lai-ge proportion of the coal was obtained by open work- 
ings and quarries, but at the present day most of the seams which were 
accessible in this way have been exhausted, and regular mining is now 
carried on with more or less system. The miners are, however, indivi- 
dually, in some cases, allowed a degree of freedom, or rather licence, 
which would never be permitted in European mines. They chiefly 
belong to two races, the Bhauris and the Sontals, the former using the 
pick, while the latter cannot be induced to work with any other tool than 
a crowbar, with which they produce an altogether disproportionate amount 
of small coal and dust. The pillar and stall is generally practised in 
preference to the long wall system of getting the coal. None of the 
mines are of great depth, and a perfect freedom from fire and choke 
damp render it possible to carry on the work without its being necessary 
to adopt the precautions which in England only too often fail to secure 
the object aimed at. Many of the seams are of considerable thickness ; 
one which is worked contains nearly forty feet of coal. As a rule, how- 
ever, the very thick seams, especially those in the lower measures, do 
not contain the best coal. Compared with ordinary English coal, the 
Raniganj coals and Indian coals generally are very much inferior in 
working power, still, as is well known in India though not perhaps fully 
realised in Europe, they are capable of generating steam in both 
locomotive and otherengines. In 1867-68 the total amount of coal raised 
in the Ranigan j and Karharbari mines was 56 1, 933 tons; but in 1871-72 
the total araoimt was only 322,443 tons. In 1878-79 the coal raised in 
the Raniganj field alone amounted to 523,097 tons, wliile that in the 
Karharbari field amounted, as already stated, to 381,173 tons, making 
together a total of 904,270 tons. 

The following is quoted from the resolution on the subject by the 
Lieutenant-Governor of Bengal for the year 1878-79 : — • 

“ The year was a prosperous one for tho coal companies of Raniganj. There was 
a large demand, and production was greatly stimulated. The output is estimrted to 
have been 523,097 tons against 467,924 tons, the average of the three previous years. 
The number of persons employed was 388,931 men, 194,647 women, and 27,277 
children.” 

The coal from particular seams is of better quality than might be 
supposed from the average, but the amount of fixed carbon appears to be 
distinctly less than it is in the Karharbari coals. 
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The average of thirty -one assays ' of samples from different mines 
gave the following results : — 


Moisture .......... 

Volatile 25*83 

Carbon (fixed) 53*2 

Ash .......... 16*17 


100*0 


The cost of steam coal at the piC^s mouth is from Rs. to Rs. 3. 
In Calcutta the same coal costs Rs. 8 to Rs. 9 , and in Lahore about 
Rs. 50 ; but its price of course varies with the market while the cost of 
production remains tolerably constant. 

Jharia or Jeriaii. — The Jharia coal-field is situated in the valley of 
the Damuda River, sixteen miles west of the Ranigan j field. It is nearly 
all included in the district of Manbhum ; its area is about 200 square 
miles. It has been fully described by Mr. T. W. H. Hughes. - 

The following groups only occur, the higher groups of the Ranigan j 
field being unrepresented ; Raniganj, 2,200 feet ; ironstone shales, 700£eet; 
Barakar, 3,000 feet; and Talchir, 900 feet; total, 6,800 feet. 

The thickness and quality of the seams varies a good deal, but 
there is no doubt whatever that this field contains a vast quantity 
of valuable fuel. One seam has a maximum thickness of 60 feet. The 
estimated available coal in this area is 465 millions of tons. 

Whether this field will be worked in the immediate future depends very 
much upon the possible alignment of a new line of railway communication 
with the Central Provinces. The exhaustion or partial exhaustion of coal 
in the Raniganj area, an event still far distant, may hereafter lead to special 
arrangements for working it. Twenty miles of very simple tramway 
would, at any time, bring the centre of it into communication with the 
present terminus of the branch line to Barakar. 

It is somewhat singular to relate that at so early a period as 1777^ a 
proposition was made to Government by Messrs. Farquhar and Motte to 
be allowed to cast shot and shell in this field. In 1839, the abundance 
of the coal there was announced by Lieutenant Harryngton.'*’ 

Bokaro. — This field is situated in the valley of the Damuda com- 
mencing at a point two miles west of the termination of the Jharia field. 

' Records, G. S. I., Vol. X,p. 19(5. 

" Hughes. Mem, G. S. 1., Vol. V, with a map. Manual, p. 185. 

’ Jour., As. Soc., Bengal, Vol. XI, p,822. 

* Indian Review, Vol. Ill, p. 119. 
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Its area is about 220 square miles. Tlie groups represented are precisely 
identical with those of the Raniganj field, namely, Mahadava, Paiichet, 
Raniganj, Ironstone shale, 1,500 feet; Barakar, Talchir. 

Some of the coal scams are of large size, one of eighty-eight feet 
having been measured. The quality is generally inferior; still there 
is no doubt that the field contains a vast store of valuable fuel, the 
estimated available coal being 1,500,000,000 tons. Except by outcrop 
workings nothing has been done to develop the resources of this field ; 
small quantities of coal, chiefly for domestic purposes, are occasionally 
taken from it to Ilazaribagh. Owing to its position it is not likely, 
unless by the establishment of some local industry, that it will ever be- 
come available for useful purposes. Even should a line of railway pass 
through or close to it, as has been proposed, its coal could not, at least 
for many years, compete favourably with that obtained from other fields 
which are closer to the great marts. The cost of additional transport 
would exceed any possible profit. A full account and map of this field by 
Mr. T. W. H. Hughes* was published several years ago. 

Ramgauh.^ — This field is situated to the south of the Bokaro field, in the 
valley of the Damuda. Its area is 40 square miles. 

The following groups only occur, as is the case in the Jharia field ; 
it is uncertain whether the higher groups were removed by denu- 
dation or were never deposited : Kaniganj, 300 feet; Ironstone shale, 1,200 
feet ; Barakar, 3,000 feet ; Talchir, 850 feet; total, 5,350 feet. 

The coal is for the most part of poor quality and limited in extent. 
There are, however, a good many seams. As to the amount available 
five millions of tons would probably be a safe figure to put it at. All such 
calculations, however, are liable to modifications which follow from data 
w hich cannot be acquired except by borings or shafts, as the natural 
outcrops, even supposing them to be visible, are often deceptive. On the 
one hand an apparently thick seam may die out altogether within a 
short distance, while on the other weathered coal at the surface or 
inaj ginal coal at the edge of the original basin of dej)osit, may not afford 
a fair index of the quality beneath. 

The western extremity of the field is close to the road between 
Ilazaribagh and Ranchi; and it is believed that some of the outcrop coal 
is occasionally worked by the natives and carried to Ranchi for sale. 

Karancura, North and South. — These fields are situated at the head 
of the Damuda valley ; their areas respectively are 472 and 72 square 
miles. 


‘ Mcm.,(LS. L, VolVl.,p.39. 

* Mem., G. S. L, Vol, VI., p. 109. Manual, Part I, p. 190. 
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The groups occurring are the same as in the Bokaro field, save 
tliatin the southern field no trace of the Panchets has been yet discovered. 
They are as follows : Mahadeva, Panchet, Raniganj, Ironstone shale, 600 
feet; Barakar, 1,500 feet ; and Talchir, 400 feet. 

The estinaafed amounts of coal are, for the larger field (North 
Karanj)ura), 8,750,000,000 tons, fhe estimated total thickness of seams 
being 38 feet. In the South Karanpura field the estimated amount is 
75,000,000 tons, the thickness being 70 feet. 

The following is an assay of a sample of the better class of coals 
from these fields which indicates a fuel with high calorific power : — 

Carbon .......... 64‘5 

Volatile • . . 27*0 

Ash .......... 85 

100 ' 

The situation of these fields in a deep valley surrounded bj^ hills 
renders it improbable that this vast amount of coal will become available 
for economic purposes for very many years. 

Mr, Hughes has described and mapped both in detail.* 

North-west and west of Damuda Valley. — Ciiope.— T his is a 
small field of less than one square mile in extent. The chief point of 
interest about it is that it is situated on the Hazaribagh plateau, at an 
elevation of about 2,000 feet above the sea, or nearly 1,000 above the 
nearest fields in the valley of the Damuda, The groups represented are 
the Barakar and Talchir. There is only one seam of coal, and it, so far 
as it is exposed, is of poor quality.'^ 

Itkuri. — This field is situated about 25 miles north-west of Hazari- 
bagh. The Barakar coal measures, which include a few seams of inferior 
coal, are exposed over only half a square mile. The remainder of the area 
is made up by rocks of the Talchir group. 

Aueunga. — T his field is situated in the district of Lohardaga, to 
the west of the sources of the Damuda, in the valley of the Koel, a 
tributary of the Sone. The area is 97 square miles, and the groups 
represented are : Mahadeva, 1,000 feet; Panchet, 700 feet; Raniganj, 
1,000 feet ; Barakar, 1,500 feet; Talchir, 300 feet; total, 4,500 feet. 

There are numerous coal seams, some being of large size ; the esti- 
mated amount of coal which they contain is 20,000,000 tons. 

1 Mem., G, S. I., Vol. VI. Manual, Part I, pp. 191, 19G. 

2 Mem., G. S. I., Vol. VIII., p. 347- Manual, pt. L, j). 196. 

* Huglies, T. W. H. Mem., G, S. I., Vol, VllI, p. 331. Manual, part 1, p. 97. 
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The following average proportions of constituents derived from the 
assays of seven samples from different localities indicate a very poor 
quality of fuel — 

Moisture 6*7 

Volatile 29*3 

Carbon 36*5 

Ash 27*5 

100 * 


As valuable and extensive deposits of iron ores, together with lime- 
stone suitable for flux, occur in and near the coal-field, this inferiority of the 
coal is to be lamented, as should a project for manufacturing iron there 
ever be ado]>ted, fuel, it seems probable, will have to be obtained from 
one of the neighbouring fields, thus increasing the cost of production. 
Before 1877-78, when it was examined and mapped,* only the vaguest 
information existed as to the extent and character of this field. No 
coal has ever been extracted from it. The samples above referred to 
were all taken from exposed and weathered-out crops, and it is therefore 
to be remembered that the possibility of a better quality of coal being 
obtained, should the field ever be opened up, exists in this case as it does 
in some of those previously mentioned. 

Hutar. — This field lies to the west of the Aurunga, being situated 
more directly in the valley of the KoeL The area is 78*6 miles and 
the following groups occur: Mahadeva, 1,000 feet; Raniganj and 
Barakar, 2,750 feet; Talchir, 300 feet; total, 4,050 feet. 

Data for the estimation of the quantity of available coal are want- 
ing, but there are a considerable number of seams, and the average of 
eight assays gives the following favourable result : — 


Moisture . 6'95 

Carbon 66*35 

Volatile .......... 28* 

Ash 10*7 


100 * 

It is somewhat strange that the coal of this field attracted notice 
earlier than that at many more accessible localities. And a ^ cole mine^ 
is marked on a map by Rennell, which is dated 1779. During the 
season 1877-78 it was examined and mapped.^ 


‘ Mem., G. S. I., Vol. XV, Part I, p. 56. 
Mem., G. S. L, Vol. VX, Part I, p. 91. 
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Daltonganj. — This field is also in the valley of the Koel and in the 
district of Lohardaja. The area is 200 square miles. Two groups only 
are represented, viz,^ the Barakars and Talchirs, the latter being about 
500 feet thick.i 

Seams of coal are not numerous; one, which has a thickness of 
about five or six feet, contains excellent fuel, according to the Indian 
standard, as the following average of four assays amply testifies : — 

Moifiture ^ . . .3-45 per cent. 

CarLon .......... O-I’S „ 

Volatile 21 '05 

Ash 10*7 

lOi)- 


The estimated total of available coal is 11,000,000 tons. 

This field has been worked to a small extent from time to time. 
There is now a prospect of its being opened up again in connection 
with the Sone river canal system. To test the actual amount of coal 
and tlie distnbution of the seams, a well-conducted series of borings, 
more especially in the eastern part of the field where the rocks arc much 
hidden, is urgently required. The construction of a steam tramway, which 
is to connect the field with the canals, has already been commenced. 

Mr. Taylor first worked the coal mines at Bajhara for four or five 
years up to 184S, but the undertaking was then abandoned.^ Regular 
mining operations, which were subsequently undertaken by the Bengal 
Coal Company, were brought to a sudden close by the mutiny. Since 
then the mining has been on a small scale. 

Sone Valley, &c.— Tatapani, Irea, and Morne. — It is difficult to 
assign an area to these fields as they are really only portions of an enormous 
tract stretching far to the westwards which is occupied by Gondwana 
rocks. If, however, the tract which includes them and the younger 
rocks be taken as being bounded on the west by the Rer river, all beyond 
remaining for separate treatment, then the area may be set down at 650 
square miles. 

The groups which occur in the Aiirunga and Karanpura fields are 
all represented here. The Barakar group alone contains coal which is 
noteworthy since in the Aurunga field the Raniganj group contains coal 
to a small extent showing its gradual extinction from cast to west. 

Mr. Griesbach, who has recently described this area, ^ indicates the 
existence of several coal seams of workable thickness and many too 
small for that purpose. No estimate has yet been made as to the 

» Huglies, T. W, H. Mem., G. S. I., Vol. VI 11. 

' Selections from Records, Bengal Government, No. XX, Part 3, p. 1. 

^ Mem., G.S. I., Vol. XVII. 
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general quality and quantity of the coal. Owing to the manner in which 
the coal measures (Barakars) are covered up and isolated by the younger 
groups, it is not likely that there is a large quantity of available coal ; 
and in consequence of the difficult and hilly nature of their surround- 
ings it seems unlikely that there is an immediate prospect of their pos- 
sessing any commercial value. 

SiNGROWLi AND SoHAGPUR. — This is a wide tract in the Sone valley, 
covering upwards of 2,000 square miles. It is believed that nearly all the 
recognised groups of the Gondvvana formation are represented within the 
area. As in the j)revious case, the actual coal measures are separated into 
distinct fields by the overlying younger groups. These may temporarily 
be distinguished under the above titles. During the past two working 
seasons Mr. Hughes has been engaged in the examination of these fields, 
and the following remarks are in anticipation of the full details which 
may be expected from him when he has gone over the whole area. In 
the Southern or Sohagpur area both the Barakar and Raniganj groups 
occur, but coal seams are of rare occurrence and of no great promise, so 
far as their appearance at the outcrop admits of an opinion being formed. 

In the Northern or Singrowli area there appear to be a greater num- 
ber of outcrops of coal and the Kota colliery in that area was worked 
for some years and has yielded coal of fair quality. The amount raised 
was limited, however, owing to the distance (eighty miles) over very 
bad roads, which the coal had to be carried to Mirzapur where alone there 
was any considerable demand for it. 

Jhilmilli. — This is a small area of about 35 square miles, which 
has not yet been fully examined. Besides Talchir and Barakar rocks 
one or more of the younger groups are represented. 

Coal seams of some promise have been observed in the Barakar 
measures. Traces of coaly matter, forming a seam of six inches, were also 
discovered in the Talchirs — a quite exceptional circumstance. This field 
serves to link the Gondwana sedimentary rocks of Central Sirguja with 
those of Bewa, 

BisiiAMPiiR. — This field occupies the central basin of Sarguja at an 
elevation of about 1,800 feet above the sea. Its area is about 400 
square miles. The formations met with are — Mahadeva, 1,000 feet; 
Barakar, 500 feet ; and Talchir, 200 feet. 

A large number of coal seams has been discovered, some containing 
good coal, but so far as is at present known they are not of great 
promise.'^ Still there is a fair prospect of coal suitable for locomotives 
being found, should locomotives ever be taken there to burn it. 

* Manuscript Notes and Manual, Part 1, p. 204, 

^ Records, G. S. I., VoL VI, p. 81, with a map. 
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Central Sirguja is so landlocked that at one time it seemed of all 
things the most unlikely that this field would ever become the scene 
of mining operations. The ^ role ^ of prophet could be much more efii- 
ciently performed in this and some other instances if all future align- 
ments for branch lines of railway were known beforehand. Supposing, 
however, that a mil way should pass through the field its coal is not 
likely ever to compete with that of the fields outside. 

Lakhanpur. — This field lies to the south of the Bisrampur area, from 
which it is separated by a fault and a belt of Talchirs, with inliers of 
metamorphic and sub-metamorphic rocks. Its total extent has not yet 
been ascertained, but it is probable that it is continuous with a large 
area of coal-measure rocks, known to exist to the westwards in the 
Hasdu valley. 

Several seams of coal have been discovered, one of which is five and 
a, half feet thick and contains good coal. The rocks belong to the 
Barakar and Talclur groups.^ 

Rampur. — This area adjoins the last on the north, and it is pro- 
bable is more or less connected with that which follows, but it is partly 
situated in a different catchment area near the sources of the Rer river, 
a tributary of the Sone, while the field about to be described is wholly 
within the limits of the Mabanadi basin. The rocks of this portion be- 
long to the Mall adcva, Barakar, and Talchir groups. No good coal has 
been observed yet. The most remarkable seam is situate at the base of 
the massive square block of Mahadeva rocks known as the Ramgarh 
Hill. Above it issues a perennial fountain of water, which, with some 
other peculiarities, has caused the spot to be regarded as one of great 
sanctity by the natives/^ 

Mahanadi Valley. — Raigarh and Hingir. — Udaipur and Korba. 
— The above-named places are situated in a wide extent of coal measure 
and associated rocks, which occupy an area of not less than 1,000 square 
miles. Much of the country is very wild and difficult of access, and our 
knowledge of the field is as yet imperfect. Especially this is the case as 
to the identity of the rocks younger than the Barakar coal measures. 
There appear to be two distinct groups, one containing fossil plants, 
which serve to correlate it with the Kamthi-Raniganj group, the other 
being probably of Mahadeva age, but, owing to the great similarity iii 
lithological characters, separation has been attended with great difficulty 
and uncertainty. 

* Manuscript Notes and Manual, Part I, p. 206. 

2 Manuscript Notes and Manual, Part 1, p, 207, Jungle Life in India, p, 324. 
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The coal seains are sometimes of enormous size, thicknesses as great 
as 90 feet at Korba, and even 168 feet in Hingir, having been mciasured ; 
but although including good coal, these are often largely made up of 
carbonaceous shale, which is incapable of supporting combustion. Some- 
times, too, the seams die out within surprisingly short distances, so that 
it becomes impossible to predict the limits of their horizontal exi cnsion. 

In one locality, the Samasota river, a tributary of the Mand, ibe coal 
seams have been greatly disturbed, being bent into a steep anticlinal, at 
the crest of which the lower rocks of the area, Talchirs and Mctamor- 
phics, are exposed. 

Whatever alignment be adopted for the line connecting Calcutta 
with the Central Provinces, this field will doubtless be opened up, and 
may, in that contingency, become of great importance. 

Satpura Basin. ^ — The Satpura basin, so called from a range of 
hills included within it, is situated south of the Narbada valley. It is 
difficult to speak of this area as a single expanse of coal measures, 
since, as a matter of fact, they only appear at intervals under the 
margins of younger groups, covering a wide extent of country which 
stretches for a distance of about 170 miles. Accordingly, the estimated 
dimensions of the basin vary much according to different authorities* 
About 2,000 square miles appears to be a safe minimum, but besides 
this it should be remembered that there is a considerable tract in which 
the underlying formations are concealed by the tertiary Deccan traps, 
and a large area towards Jabalpur, in which no coal measures have been 
proved to exist under the younger formations which prevail there. 

In this region the several groups of the Gondwana system are 
developed to their maximum extent, as has been fully described in 
Part I. 

The principal localities where coal measures occur are near Mopani 
and in the valleys of the Tawa (Shahpur or Betul field) and Pench 
(Chindwara field) rivers. Under the orders of the Chief Commissioner 
of the Central Provinces, advised by the Geological Survey, borings ® 
have been made both in the alluvium of the Narbada valley on the 
margin of the rocky area and in valleys to the south of it within the 
area occupied by the younger rocks, but though these borings were carried 
to considerable depths, the coal measures were not reached : these depths 
were, Gadawara, 251 feet; and Sukakheri, 491 feet. Neither of these when 
stopped had proved the rocks underlying the recent alluvial deposits. In 

1 J. G. Modlicott. Mem., G. S. I., Vol. II, pp. 97, 267; H. B. Medlicott. Idem, X, 
pp. 133, 188; Records, G. S. 1., Vol. Ill, pp. 63, 70, and VIII, pp. 65, 86. 

^ Vide Annual Report of the Geological Survey for 1877- Records, Vol. XI, p. 7. 
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the Dudhi valley borings, at Manegaon to the depth of 420 feet and at 
Khapa to the depth of nearly 720 feet, established the fact that the 
younger formations still persisted, the coal measures, if they exist below 
not having been reached. As the progress of boring by hand at 720 feet 
was slow and costly the work was abandoned. 

Borings at Tandui, ten miles west of the Mopani field, which it was 
hoped might prove a similar area of coal measures on the margin of the 
basin, were unsuccessful. Two of them at depths of 828 and 172 feet re- 
spectively struck contact and trappean rocks, and another further south, at 
243 feet, had to be abandoned owing to the tools sticking, and as the 
dip of the beds was high there was no inducement to renew the attempt. 

Near Lokartalai on the Moran, at the western extremity of the basin, 
where some carbonaceous outcrops occur, borings were put down to 
depths of 254, 84, and 88 feet, but without proving coal. In the open 
valley of the Tawa on the south of the basin at Kesla, on the Betul and 
Hosungabad road, borings to the depth of 302 and 241 feet had the 
same result as the boring at Khapa. 

Other borings between the Piparia and Bunkheri stations, on the Great 
Indian Peninsular Railway respectively and Pachmari, although sunk 
in deposits belonging to the upper Gondwanas, close to Talchir outcrops, 
failed to reach the coal measures which are there conse(iuently overlapped. 

Mopani.' — This field is one of high importance in consequence of its 
position with reference to the railway. It is situated 95 miles (by rail) 
west-south-west of Jabalpur, and 322 miles from Allahabad, or 83 miles 
nearer than the Karharbari field to the same place. 

The area in which coal has been proved to exist is small, though 
recently an important addition appears to have been made. The original 
area is much cut up by faults, and the largest seam has been destroyed 
by fire. The seams are — 

1. Inferior coal . . . . .12 feet not worked. 

2. Good cooking coal .... 18-20 feet on fire. 

3. Good „ 3 feet 4 inches 1 worked 

4. Ten leet good „ 12 feet 3 together. 

These seams are and have been worked for many years by the Nar- 
bada Coal and Iron Company. In 1874 the outturn ranged from 700 to 
1,000 tons per month. In 1875 nearly 20,000 tons appear to have been 
raised, but in 1879, according to the Administration Report of the 

1 Medlicott, J. G, Mems., G. S. L, Vol. II, 1859, p. 2; Medlicott, H. B. Idem, 
Vol, X. 1873 ; Records, G. S. T., Vol. Ill, 1870 s Vol. IV, 1871, p. 66 ; Vol. V, 1872, p. 109 ; 
Vol. VIII, 1875 ; Vol. XII, 1879, p. 95. 
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Central Provinces^ the total had fallen to 12,410 tons. The coal is sold 
to the Railway Com])any at about Rs. 10, or at from three to four times 
the price of Rani^^anj and Karharbari coals. It can command this price 
in consequence of the cost of carriage respectively of Karharbari and of 
English coal from Bombay. The present outturn falls far short of the 
requirements of the Railway. 

In 1878 the average cost of Karharbari coal on the line between 
Jaba1])ur and Allahabad, as has been already stated, amounted to 
£1 2.y. 4 §d. per ton. 

SiiAnruR on Betul Field. ^ — The coal outcrops on the south of the 
Tawa valley are of no great promise ; they are of irregular thickness 
and the coal is generally inferior. Since the failure to prove coal near 
the northern outcrop of the basin, or in the open Tawa valley, borings 
are now being made to test the seams of the Shabpur field. 

Pench. — T here are many seams in this area, some of which are of 
considerable thickness, and the coal is often of fair quality. The posi- 
tion of the field, surrounded by hilly country, renders it improbable 
that it will ever be of much commercial value. 

Wardha-Godavari Valleys, — Bandaii.^ — This field is situated 
near the village of Chimur, 30 miles north-east of Warora, in the 
Chanda district. The existence of coal measures under a small tract of 
Kamthi beds, five to six miles square, has been proved by boring. 
Three seams of coal have been ascertained to exist, and these have a 
maximum total thickness of 38 feet. The coal is similar in character 
to that of Warora. 

Waedha or Chanda, &c.^ — This coal-field constitutes the northern- 
most extremity of an immense tract of Gondwana rocks, which extends 
for about 285 miles from north-west to south-east in the valleys of the 
W’^ardha, Pranhita, and Godavari basins, 

'i'he groups of rocks exposed are as follows: Kota Maleri, 1,500 
feet; Kamthi, 2,500 to 3,000 feet; Barakar, 250 feet; Talchir, 500 
feet ; the Barakar alone containing coal. 

Any attempt to give an idea of the distribution of coal measures 
throughout this area, without employing a mass of detail unsuited to 
the present volume, would certainly fail. It will sufficiently answer our 
purposes to quote Mr. Hugheses estimate of the amounts of coal, in several 


‘ J. G. Medlicott. Mem., G. S. 1., Vol. II; W. T. Blanford. Records, G. S. I. 
Vol. 1, p. 5 ; H. R. Medlicott, op cit, Vol. VIII, pp. 69-75. 

2 Hughes. Mem., G. S. I., Vol. XIIL, pp. 145-154; Manual, Vol. I, p. 226. 

* Hughes. Z.o„ pp. 1-145. 
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of the particular tracts, where its existence has been proved by actual 
outcrops or by borings 

Actual Quantity. Amount Available. 

Tons. Tons. 

Warora basins .... 20,0 (j0,(XK) 14,000,0(X) 

Gbiigus .... 90,000,(X)0 45,000.000 

Wun .... 2,100,000.000 1,500,000,0(K) 

Between Wun and Papnr . . 105,000,000 60,(K)0,000 

Between Jiiiiara and Cliicboli . 150,000,000 75, 000, QUO 

Siisti and Baoni basins . C0,(X)0,(XX) 30,000,OtX) 

2,525,000,000 1 ,714,0(K),000 


The following assays will serve to convey some idea of the quality 
of the coals : — 



Warora. 

Pisgaon. 

Gliuffus. 

Fixed Carbon 

. 45‘4 

651 

45-61 

1 C Coiubustiblo 

olatile \ 

. 2r>-5 \ 

. lJ-9 > 

192 

33*49 

Ash 

. 14-2 

15-7 

20-90 


In Mr. Hugheses Memoir assays o£ samples from other localities 
are also given. 

Ilie Warora coal is deficient in fixed carbon, a large percentage of 
which is essential where great heating ])ower is required. It is also 
delicicnt in combustible volatile gases. Pisgaon coal, however, contains 
a more considerable proportion of fixed carbon, 65’ 1 per cent. 

The only pits in this wide area which are w^orked are at Warora, where 
the outturn in 1878 amounted for a time to 1,500 tons per week. The 
great outlay by the Government in connection with the exploration and 
testing of the field^ has not yet been nearly repaid, the cost of getting the 
coal being heavy. A recent falling off in the outturn, the amount of 
wliich will be seen from the table given on a previous page, was caused 
by a serious flooding of the mines in 1879, which put a stop to all work 
for a time. A special branch line conveys the Wardba coal to the 
Nagpur branch of the Great Indian Peninsular Railway, by means of 
which it is distributed both for use on this line and in factories. 


Zisi( of extra-^ieninmlar areas where coal measures occur. 

Age, 


1 . Trambal . 


. . Jurassic and Tertiary. 


2. Laiuyan . 


Tertiary. 


' Averapfe of eixtecn assays . 

* £60, OCX) is stated to have been already expended at Warora alone at the time 
Mr. Hughes’s report was printi*d. 
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Afghanistan, 

• 

3. Bolan Pass 

Tertiary. 

4. Chamarlang 

. 

5. Kanigaram 

. 

Punjab, 


6. Trans-Indus Salt Range 

. Jurassic and Tertiary. 

7. Cis-Indus Salt Range 

. , Tertiary. 


'North-West Himalayas, 

8. Numerous localities from the Jhclum 
to Ne^ml 

Sikhirn, 


9. Foot of Darjiling Hills 

JDaJia Hills, 

10. Dikrang river .... 

^ Damuda or Permio- triass ic 

Assam. 


11. Makum ..... 

12. Jaipur ..... 

13. Nazira ..... 

14. Jangi 

15. Disai ..... 

16. Eastern Naga Hills . 

Tertiary. 

Garro Hills, 


17. Harigaon ... * 

18. Sijii 

19. Daranggiri .... 

20. Rongenggiri .... 

21. Um-blay .... 

- j Cretaceous. 

Khasi Hill, 

22. Mao-beh-lyrkar 

23. Chorra Punji, &c., &c. 

. Crctacreous. 

. Tertiary (nummulitiej. 

Jaintia Hills. 

24. La-Ka-dong, &c. 

{Sijlhet) 

{Cachar) 

{Chittagong) 

. Tertiary (nummulitic), 
j Tertiary. 

„ (and Cretaceous P) 

Burma (British). 

Arakan Division, 

25. Raronga Islands 

26. Rarari Island 

27. Cbcduba Island 

(Sandoway) .... 

. Tertiary. 

• »» 
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Pegu Division, 

28. Thayetmyo 

Tenasserim Division 

29. TLoo-hte-kbyoung 

30. Hieulap or Hiculat 

31. Kan-ma-pyeng 

32. Tsing Kood 

33. A-toog-wa 

Burma (Native). 

34. Thingadaw, &c. 

Andaman Islands, 

36 Port Blair, &o. , 

Nicobar Islands. 

36. Kondul, Treis and Track Islands 

Cutch. — As early as tlie year 1834, i£ not before it, hopes were 
entertained that coal seams of good quality and workable thickness 
would be found in the Jurassic rocks of Cutch. Captain Grant, R.E., 
was appointed to conduct boring and mining operations. In his first 
report ' he appeared to l)e sanguine that a useful discovery would result ; 
but in a subsequent paper^ he states that the coal had not been found in 
workable thickness, and much that was raised from the thin seams proved 
to be slaty and incombustible. These seams were situated at Trambal 
(Tromba or Trombow), about five miles to the north -cast of Buj, in a 
river bed north of Sisagad and in a stream west of Guneri near Lakhpat. 
At the first-mentioned locality Mr. Blanford^ was able to measure the 
seam in the old workings and found that it was one foot four inches thick, 
of which only half was coal. At Sisagad the coal proved very frangible, 
and it was, on trial, found to fall through the gratings of the furnaces. 

Mr. Wynne,^ who examined the area in detail, was of opinion 
that no better quality nor larger amount was to be found in the whole 
of Cutch. Besides the above, which are all of Jurassic age, Mr. Wynne 
also found there carbonaceous layers in some of the tertiary beds, but 
none of these were of any promise. 

Sind. — In the oldest (lower eocene) tertiary rocks of Sind, which 
have been named the Banikot group by Mr. Blanford, traces of coaly 
matter or rather lignite have from time to time attracted notice ; but in 
only one instance has anything more than a mere layer of a few inches 

* Jour., As. Soc., Bengal, Vol. Ill, p. 40. 

" Trans., (leol. Soc., London, Vol. V, Second Bcrics, p. 292 . 

5 Mem., G. S. I., Vol. VI, p. 23. 

* Op.cit.y Vok IX, p. 86, uud Bombay Gazetteer, Vol. V, p. 19. 


SIND. . 

. Tertiary. 

. Tertiary. 

) Tertiary (and Cretaceous P) 
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thick been detected. This was at Lainyan (Lynan or Leilan)^ 27 miles 
north-north-west of Kotri and 15 miles from the right or wt-^terii 
bank of the Indus. In the year 1857 Mr. Inman, who was in charge 
of the exploration, sunk a shaft, but found that the coal, which n as at 
first five feet nine inches thick, rapidly dwindled down to nothing, galleries 
which were driven to north, east, and west failing to prove a continued 
tliickness, wliile at the outcrop there was only a thin layer of carbonaceous 
shale. Mr. Blanford, who visited and reported on the locality, i states that 
there was no true coal seam, but merely a mass of lignite not extending 
much more than 50 yards in any direction. This lignite proved to be 
brittle and abounding in iron pyrites, which caused by its decomposition 
a tendency to spontaneous combustion. 

In the Public Works report'^ it is stated that the sulphurous fumes 
which were given ofE were not only most offensive but they also proved 
injurious to bars of furnaces and tubes of locomotives. For smithy 
purposes it was of course inapplicable. 

Balochistan and Afghanistan. — Bolan Pass, Lat. 29° 50' 30"; 
Long. 67° 15' 30'''. — Travellers through the Bolan Pass have often had 
their attention attracted by the coaly matter which is exposed in the rocks 
of eocene age, near Much, and which are traversed by the line of route. 
Owing to its small quantity, as testified to by Captain Hutton® and Dr. 
Cook'* it was evidently worthless. This view has been fully confirmed 
by Mr. Griesbach^s examination of the locality.^ 

Some trial of this coal was recently made, it is believed, at Quetta., 
but the result is not known. 

Chamarlang. — Lat. 30° 15'; Long. 69° 35' 30'^. — Proceeding north- 
wards the next locality to which particular attention has been directed is 
situated in the Chamarlang valley, in the Luni Pathan country, about 75 
miles to the west of Dera Ghazi Khan. The discovery of eoal here by Sir 
Robert Sandeman, which proved on analysis to he of good quality, led to 
the writer^ being deputed to visit and report upon it in the year 1874. 
The principal seam proved to have a maximum thickness of only 
nine inches, with a dip of 30° to the south-east. Numerous smaller 
seams, of from two to three inches thick, were met with, and information 
was obtained regarding others of similar character on the outer slope 


' Mem., G. S. I., Vol. VI, p. 13. and Vol. XVII, p. 192. 
’ Proedgs., Public Works Department, 1861*62, p. 34. 

^ Calcutta Jour., Nat. Hist., Vol. VI, i)p. 570 and 601. 

* J"ide Hughes’s Balochistan, p. 22. 

’ Mem., G. S. I„ Vol. XVIII, p. 27. 

Kcoords, G. S. 1., Vol. VII, p. 145. 
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of the Suleraan rang^e, which doubtless belong* to the same horizon, a 
zone in the lower tertiary or eocene rocks, the probable afTinities of 
which have already been discussed in this manual, Part 11., p. 505. 

All the evidence that could be obtained bore out the conclusion that 
there were no solid grounds for hoping that a seam of workable thick- 
ness would be found. It is believed that recently (1879-80), while 
this region was in occupation by our troops, search was made for 
a more promising deposit, but without success. Had one of a workable 
thickness been found equal in quality to that above mentioned, its value 
might be estimated by the following assays, which indicate a bituminous 
coal with fairly high heating powers. Like all or most of these tertiary 
coals on the western side of India it is very friable. The following assays 
are by Mr. Hughes : — 



A. 

B. 

Loss hy drying^ (— water) 

6*7 ])er cont. 

8 per cent. 

Carbon .... 

57*8 

5y2 

Volatilo .... 

38-8 

35'8 

Ash 

3-4 

5*2 


100* 

100'2 


It docs not coke. As it is jet-like in appearance, with no sign 
of vegetable structure, it would perhaps be incorrect to speak of it as 
a lignite. 

Kanigarim. — Latr 82® 30' 80"; Long. 69.® 40'. Near Kanigaram, 
in the Waziri country, coal has long been known to exist. From its posi- 
tion and the description of its characters, it is probably of the same age 
as that at Chamarlang, Specimens from this and several other localities 
were received from Sir Alexander Burnes, and two of the former gave 


the following results on 

assay hy Mr. Prinsep ^ : — 



A. 

B. 

Loss by dr.ying 

3'5 per cent. 

5*4 per cent. 

Carbon 

48*5 

45*3 

Volatile 

491 

48*6 

Ash 

2*4 

0*1 


100* 

100* 

Sp. G. . 

1*227 

1*481 


It is therefore more bituminous, and would have less heating power 
than the Chamarlang coal. The seam is said to be narrow and is laid 


* Jour., As. Soc. Benfjjil, Vol. VJI, p. 854. 
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bare by a water-course on the side of a hill for a distance of 112 yards. 
Its exact position is stated to be about three miles east of the small 
villai^e of Luagarkhel, under the Malik Buda. 

Captain Drummond evidently refers to this locality in his enumeration 
of places in Afghanistan where coal has been found ; the other localities 
are Dobandi in the Ghilzai country ; Hissariik (?His8arlik), and Syghan, 
in tile Hazara country. The Dobandi scam is said to be thin and 
the Syglian coal ignites with difficulty. Captain Hutton mentions a 
report that eoal occurs in abundance in the hills of the Hazara country. 
Sevio’al of the specimens of supposed eoal, which were forwarded to 
Mr. Piinsep by Sir Alexander Burnes for examination, proved indeed 
to be more or less combustible, but were not coal. They were pro- 
ducts of petroleum, or clay or rock saturated with them. 

Punjab. — The eoal of tlie Punjab has for many years atti'acted 
notice;, the great importance which a supply of good fuel would possess, 
if found in the vicinity of the Indus, having caused attention to be 
directed to every spot where any trace of carbonaceous matter had been 
seen on the surface. In the year 1838 Lieutenant (afterwards Sir Alexander) 
Burnes wrote a short account^ of what was supposed to be coal from 
the neighbourhood of Kohat, where it was found near the petroleum 
wells. From the description and analysis of this substance which are 
given it is evident that it was merely earth or shale saturated with 
bitumen. In his letter of instruction regarding his ti*ip to the Oxus, 
Lieutenant Wood was directed by Sir Alexander Burnes^ to direct his 
attention to the possibility of obtaining a supply of coal. In 1838 
Mr. Prinsep* published analyses of samples of jetty coal, lignite, and 
bitumen forwarded by Sir Alexander Burnes. He pointed out the 
apparent resemblance in the mode of occurrence between these deposits 
and those containing the coal and petroleum of Assam. It would 
be useless to follow and attempt to correlate the observations of all 
who have written on this subject since the year 1843. A list of 
references to their papers will be found in the Appendix. 

Taking the accounts by Dr. Oldham, Mr. Wynne^ and Mr. Lynam® 
as containing the most recent authentic accounts by exports who have 
carefully examined the ground, we find that the following are the most 

' Jour., As. Soc., Leiipil, Vol, II, p. 267. 

* Personal Narrative, Introduction, p. 8 . 

* Jour., As. Soc., llengal, Vol. VII, p. 848. 

* Memorandum on the Lwamiiiation of the Salt-range, Ac. 

" Mem., G. S. 1., Vols. XI, XIV, XVll. 

* Trans., American Pbil. Socy., 1873, p. 13. 
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iinporlaiii facts in reference to the carbon aceo ns de])osits of the Punjal). 
But first it may be well to offer a possible explanation of the difference 
in the extent of the carbonaceous deposits in the tertiary rocks of North- 
western from that of those of North-eastern India. 

It is ])ossil)le that in tertiary times the meteorological conditions 
which delermined the amount of moisture in the air may have been of a 
character directly comparable to those of the present day, thougli, as 
tlie relative positions of land and sea were different, they cannot liave 
been identical. In Assam there is now an abundant rainfall and luxuri- 
ant vegetation, and these conditions must have existed when the materials 
of the large coal seams were formed. In the Punjab there is but little 
rainfall and a sparse vegetation. Such a type of vegetation as, if it 
or anything like it existed in tertiary times, before its (piantity could 
have been diminished by human inlluence, would have been sufficient to 
supply materials for the formation of the limited nests of lignite 
and thin seams of coal which are all that have as yet been proved 
to exist in the Punjab rocks. Some of these indeed may owe their origin 
to mei’e accumulations of sea-weed. Nothing, however, which is said 
here is intended to imply that continously workable seams of coal cannot 
occur in the Punjab or in any of the adjoining countries to the west and 
south, hut the evidence all points to the conclusion that such seams 
have no existence. In many places there are complete sections of 
the upturned edges of the rocks uuobscured by vegetation where, if 
coal occurred, it must be visible. 

The rocks containing carbonaceous matter may conveniently be sepa- 
rated geographically into those which occur to the west and the east of 
the Indus respectively ; as will be seen, they are not all of the same 
age. The following is an abstract from Dr. Oldham^s memorandum. 

Mullakiieyl, Lat. 55' 30^; Dong. 71* 13'. — Dp the stream 
which issues from the hills, at Mullakheyl and thence southwards, probably 
at many places intervening between it and the localities mentioned 
in Afghanistan, where the carbonaceous sub-nummulitic limestone zone 
is ex})oscd, coal occurs in the alum shales, but it is only in irregular 
strings and nests. At Mullakheyl itself, too, masses of carbonized wood 
are found in the older jurassic rocks. 

CirusHMKN, Lat. 3^* 55' 30 ; Long 7V 19' 30\- -In a deep gorge, one 
of the drainage channels round Chushmen, and high upon the scarp there 
are thin strings and nests of coal in the alum shales ; the quality is not 
bad, but there is no sign of a large seam. 

Kotki, Lat. 3!i^ 59'; Long 71® — Here there is a recurrence of 

l>eds of both nummulitie and jurrassic age containing coaly matter, the 
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former being found at the south end of the Chiehali Pass ; the latter on 
a side gorge very difficult of access. 

Kalabag'U, Lat. 32° 58'; liong. 71° 38. — The numinulitic coal here 
IS in very small quantity in tlie alum shales. The so-called Kalabagh 
coal, which attracted notice at one time, consists of carbonized masses of 
wood in a bed of shale, of which they only form one-twentieth or one- 
twenty- fifth part or less. This shale has been shown to be of jnrassie 
age. It was estimated by Dr. Oldham that about 45,000 maunds of 
this coal could be obtained, but there was iiotliing to justify expenditure 
for maeliiiiery. 

The above localities arc all in the continuation of the Salt-range to 
the west of the Indus. Those which follow are in the Salt -range proper, 
and the order of their arrangement is from west to east. They are 
all in niimnvulitic rocks. 

Amb or Dmb, Lat. 32° 30'; Long. 72°. — otherwise known as Sulge. 
The coal here is described hy both Dr. Oldham and Mi*. Wynne^ as being 
of no value, being of limited extent. 

SuNGi.EAVA. — Two thill scams, one of six inches and the other of ]() 
to 12 inches ; the dip is 30°. They are much broken ; no prospect of 
being profitably worked. 

CiiAMiii, Lat. 32* 35' 30^; Long. 72° 28' 30^. — Seams similar to the 
above, di]> only 1 2"", and locality not. dillieult of access, but no workable 
quantity of coal. 

Kutta, Lat. 32* 37' 45^; Long. 72° 25' 45". — Thin broken bed ; no 
prospect of a continuous snp])ly. Almost all the coal that could be 
obtained here has been taken away. 

SowA Khan, Deiwal, Nurpur (Nilavvan), and Kareli. — T he coal at 
these localities is very limited in extent. 

Nila, Lat. 3)2° 39' 30"; Long. 72° 57'. — Coal poor in quality ; dip 30° 
to 35° to south-east; coal more than 15 iiielies thick; there are eight 
feet of blackish shales below it with thin layers of flaky coal. 

Dandot, Lat. 32° 39' 30"; Long. 73°. — There are three localities in 
tins neighbourhood where coal is seen ; where thickest it is two feet 
six iiiehes thick. The fuel is not bad, but there is no prospect of 
its occurring in profitable quantity. 

PiD, Lat. 32° 41 ; Long. 73° 2'. — Here there is a seam of good 
bright fuel, three feet thick in places; the dip is 00° to 64°. As the 
locality is near a good road a fair amount of fuel might be obtained as 
the coal contains less pyrites than elsewhere, but it breaks uj) on 
exposure ; mining to the deej) would of course be dillieult. 

> Mom., G. S. 1., Vd. XIV, p. 235. 
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From tills locality and another called Samundri, between the years 180'! 
and 1867^ nearly 2,000 tons were extracted according to Dr. Oldham^s 
mineral statistics/ but the excavations were afterwards abandoned. 

Eeotia or Khkwka, Lat. 30*40/ Long. 73*4/ — This locality is 
above the gorge ; the coal is poor and full of iron pyrites ; it is much 
mixed with layers of shale. The total thickness is 2 feet 11 inches. 
A small hending* was driven into it, but there is no prospect of the 
coal ]>eing worked with advantage. 

IbiAUAXWALLA, Lat. 32* 30/ Long. 73* 11)'. — The outcrop of this 

scam, which is three feet six inches thick, extends for a distance 
of two mihis; the dip is 03* to north. Th(‘. coal is grt^atly cracked 
and jointed ; when exposed to the atinosjiliere it disintegrates and 
falls to pieces. Crystals and flakes of gyjisinn commonly oeeiir in 
the cnicks and fissures in the coal. There is also much iron ])yrites which 
on decomposition giv(\s rise to s])outaiieous ignition. Much care is 
tlierefore iu;eded, it this S(‘am (or any of those in the Salt-range) be 
worked, to ke(‘p the galhiries clear of dust and small coal. Good 
masses of bright coal might be obtaiiunl by siu'cessive galleries one 
over the other. The locality is diflienlt of access, ]>ut is irnprovablo 
in this res])eet. Dr. Oldham^s estimate of the coal available bore 
was 10, 20, 000 maunds. 

This comjilctcs the list given by Dr. Oldbam and endorsed by 
Mr. Wynne. As to cpiality it was found by ox]H‘riinents that in 
locomotive engines and steamers the work wbicli one maund of this 
coal was capa])lo of doing was o(pial to that from 2*5 to 4 maunds 
of wood. 

So long as the seams mentioned above, especially tliose at Bbagan- 
walla and Kalabagli, could be made to yield coal at a cheap rate by 
simple excavations, for so long would they prove of value. Dr. Oldliam 
estimated that while tlie coal could be sold for tlircc maunds a rupee 
at Kalabagb, it would be cln^aper tlian wood at five maunds, wliuib was 
the price in 1861; ])ut be felt certain that after all the easily accessible 
coal bad been removed, the greater expense of working would render 
it impossible for it to be brought to market at that rate. 

CiTiTA Paiiar Range. — All the foregoing localities in the Salt-range 
are situated on the southern outcrops of the sedimentary series. On the 
north-west side of the Potwar, or Rawul Pindi plateau, which is formed 
of the younger tertiary rocksf the older formations are again upfurned in 
the Chita Pabar range, which is the connecting link between the moun- 


8. L, Vol. VII, p. 150. 
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tains of Sotilhern Hazara and the Afridi hills south of the Pcsliavvar 
Valley. Tliroug'hout these ranges the nurnmulitic series is repeated 
Roveral times by contortion and faulting, and the carbonaceous beds in 
it can be traced at many places ; locally they include nests of light coal as 
at Choi, south of AttockJ 

North-west Himalayas. — It will be convenient to treat collectively 
under the above heading the carbonaceous deposits which occur near the 
southern foot of the Himalayas from the Jhelum to Nepal. First must 
be mentioned, and for the last time on this side of India, the coal of 
nummulilic age. The tertiary rocks cross continuously from the Hazara 
district into the Jamu hills with an abrupt and total change of strike 
along the Jhelum. The lowest member of the series only comes to the 
surface at a few ]>laces in this ground where some massive inliers of very 
old limestone protrude through the sub-Himalayan rocks. Ui)on and 
around these the nummiilitic grouj) is freely exposed, and at its base, 
there is a greater development of coal, so far as is known, than in any 
other part of North-western India. Dandli, near Kotli on the Punch 
and the north-western shoulder of the Saugar Marg mountain may be 
mentioned as favourable localities.^ The position, however, seems to pre- 
clude the possibilily of profitable exploitation. 

When the base of the scries is next exposed to the east, in the Simla 
region, where it was first described as the Sabathu group, .all trace of 
carbonaceous deposit has vanished, although its horizon is j)erfectly 
recognisalde. 

W^e now pass to the carbonaceous deposits of younger tertiary age in 
the sub-IIimalayan rocks. Sir Proby Cautley^ appears to have been the 
first to draw attention to tliese deposits, wliuF bt‘ did in the year 1 S^-S. 
At Silani, under Nahan, seams of coaly matter of from half an inch to 
three inclies thick were discovered, and at the Kalavvala Pass leading into 
Dhcra Dbun accumulations of vegetable matter turned into lignite were 
found in two localities. Captain Herbert* aj)])arently refers to the 
same locality as the Timli Pass, and he slates that the substance had the 
appearance of common charcoal with the woody structure well preserved. 
At the Kheri Pass carbonaceous matter occurred both in seams and as 
imbedded logs or stumps. Another locality is in the bed of the Bulia 
xiear Bhamanri and near Rauibagh close to Hulduani. 

That from Bhamanri occurred in a seam of four inches thick ; it 

• 

J Wynne, A. Records, G. S. I., Vol. X, p. 114. 

=* Mcdlicott, II. H. Records, G. S. I., Vol. IX, p. 13. 

■* As. iiefi., Vol. XVI, p. 387. 

" As. Res., Vol. XVI, p. 397. 



Economic Geology. ] SIKKTM-DAUJIUNO msTniCT. 103 

sliowed no woody structure liavin" the appearance of jet, but was very 
brittle, Tlie composition of Raniba^h coal was — * 

Carbon OO-Q 

Volatile 36-4 

Ash 3-0 


In 1833“ Mr. E. J. Ravenshaw forwarded samples of lig-nite and 
jetty coal from the Dhela river in the north of the Moradabad dis- 
trict. These occurred only in thin nests and layers and contained a good 
deal of iron jiyriies. 

Mr. Mcdlicott,^ in his review of the whole question of these carbona- 
ceous deposits, while anxious not to deter any explorer from investigat- 
ing so important a subject, points out that the result of experience is 
unfavourable to the prospect of coal being found in useful quantity. 

Mention must here be made of another rock in this region, but 
amongst the older formations of the higher hills, regarding which as a 
source of coal expectations have occasionally been raised. Visitors to 
Simla and Mussooreo cannot fail to notice considerable local outcrops of 
black crumbling rock : it is a carbonaceous shale that occurs normally 
below the main (Krol) limestone of those hills. Where the rocks are 
much crushed, along lines of faulting or of flexure, the carbonaceous 
ingredient of their shales becomes condensed with a jet black shiny 
substance, of coaly api)earance. An attempt at coal mining was once 
undertaken in this fault-roek near Sabathu. Mr. Medlicott states tluit 
in none of the sections which he examined, from the Ravi to the foot of 
the hills at Naiui Tal, had he met with a single grain of true coal in 
these older rocks. 

Sikkim: Darjiling District. ** — This field occupies a narrow zone, 
which stretches along the foot of the Himalayas from Paukabari to 
Dalingkote. It was first noted by Sir J. D. Hooker in 1(S49. Tlie 
rocks belong to the Damuda formation. Tliey have been much cruslicd 
and tilted, dipping at angles of from 40^ to 90" to norlliwards or 
towards the main mass of the hills. Frequently the sandstones have 
been altered into quartzites, and the shales into splintery slates. Mm li 
of the coal is in the condition of powder, and Komc of it has assumed 
the character of graphite. The effect of the compression has been to 
reduce it by removal of the volatile portions to a condition approximat- 
ing anthracite. Some experiments were made with a view to utilising 

’ Economic Mineralogy of Hill Districts, by E. T. Atkinson, p. ZZ. 

2 Jour., As. Soc., Bengal, Vol. Tl, p. 264, 

* Mem., G. S. 1., Vol. Ill, p. 180. 

^ Mallet, F. K. Meiu„ G. S. I., Vul. XI. 



104. 


CEOLOGY OF INDIA— COAL. 


[Chap. II 


it in the manufacture of artificial fuel, but the process found to be 
requisite was too expensive, and the difficulty of mining in these crushed 
rocks is so great as to render it improbable that this coal will ever 
be commercially available. 

One seam is 1 1 feet in thickness. The average of five assays of the 
coal gives the following composition : — 

Carbon 

Volatile 9-20 

Ash 20*14 


The fact that this locality and that next tx) be mentioned are the only 
ones, north of the Ganges, where Gondwana rocks occur, is of great 
interest in connection with any discussion as to the early relations which 
existed between the Peninsular and Himalayan regions, and indeed 
the formation of the Himalayas themselves. 

Tertiary lignites of no value have been examined in the sub- Hima- 
layan rocks of the Tista Talley by Dr. Oldham. Other similar deposits 
occur in the Bhutan hills, where they have been examined by Colonel 
Godwin-Austen and others. 

Dufla Hills. — Damuda rocks were discovered in 1875 by Colonel 
Godwin-Austen^ in the section in the Dikrang river. 

A much splintered and crushed seam, which was five to six feet thick 
and dipped to east-south-east, was found. In character it was 
similar to those above described ; it is scarcely probable that it will 
ever possess any economic value. 

Assam. — Five distinct and named coal-fields exist in the valley of 
the Bhramaputra, in the province of Assam. They are distinguished by 
the following names: Makum, Jaipur, Nazira, Janji, Disai. Besides 
these, in the further extension of the Naga hills up the valley to the 
frontiers of Burma, there are other known but not regularly explored 
localities where coal occurs. It will be convenient in this abbreviated 
account to treat of them collectively. 

Some uncertainty exists as to the age of the rocks, but the balance 
of evidence seems to favour the view — vide part II, page 702 — that it is 
middle tertiary (mioccui!), and therefore distinct from that of the creta- 
ceous and niimmulitic coals of the Garo and Khasi hills. 


^ Joui , As. Soc., Uc'iigal, Vol. ILIV, p 37. 



GAUD HILLS. 


105 


Economic Geology.] 


The coal differs from that of the Peninsular coal-fields in having a 
homogeneous unlamiuated structure. The average composition, as derived 
from the assay of twenty-seven samples, gave : — 

Carbon 60* 

Volatile 36-2 

Ash . 3*8 


100 * 


This is a high quality of fuel as compared with ordinary Indian coals. 

In the Makum field one seam, which is 100 feet thick, consists of 75 
feet of good coal, and some seams have been traced for long distances 
by their outcrops. 

Alr(iady, in Part II., a general sketch of these fields has been given, 
and to Mr. Mallet^s report' reference must he made for fuller details. 

The opening up of these fields is a point of the highest importance, 
since, at present, coal is carried 1,000 miles from Bengal for the naviga- 
tion of the Bliramaputra ; this causing a tenfold inercaso on the prime 
cost, while at the same time the coal of the Peninsular fields, as will 
he soon by a comparison of assays, is of very inferior qualii.y. 

The extension of the railway system up the valley will soon, it is to he 
expected, solve tlie difficult question of carriage which has hitherto inter- 
fered with the development of the coal and petroleum resources of Assam. 

Garo Hills. — The existence of coal in several localities in the Garo 
hills has now been known for about forty years. The great importance 
which a supply of coal would possess, if in close proximity to the Bhra- 
maputra, caused attention to he directed to all localities wlmre the occur- 
rence of carbonaceous matter gave ground for the least hope that a 
workable source of coal would he found. 

In the year 1842 Mr. James Bedford explored tlio so-called Karaihari 
field. Tliis name is, however, hardly a suitable one, as it is that of the 
zemindari or district in which the localities are situated, hut these are far 
removed from the thaiina of Karaihari, and therefore the name Harigaon, 
suggested by Mr. Medlicott,'"^ as indicating the exact neighhourliood, has 
been since adopted. There is a continuous outcrop of the cretaceous 
rocks which include this coal from tlio Bliramaputra eastwards along the 
southern edge of the Tura range. This constitutes the main basin in 
which these rocks dip southwards under a thick series of tertiary depo- 
sits. At Siju, ill the Sameswari valley, coal which is possibly continuous 
throughout is again exposed ; this may conveniently he described as the 
second field. 

* Mem., G. S. I., Vol. XII, p. 2. Muiiual, Vol. II, p. 701. 

^ Records G. S. I., Vol. I, p. 11, 
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To the north, restin^f on and surrounded by £,nioiss, there arc a nninljer 
of detiudied basins in vvhi(di the coal is better seen; of these, the princi- 
pal arc the ])arang^iri field, situated in the valley of the Sameswari 
or Seinsang ; the fourtli bears the name Rong^enu^c^-iri, and the fifth 
XJmblay. So far as is at present known, all the coal of the Claro hills 
is (►f cretaceous ag-e. This list does not exhaust all the possible localities 
where coal measures may occur. 

Hartgaon Field. — Hari^aon, Lat. 25° 36'; Lon<^. 90°, on the Kalu 
river, has given a name to this field, but the original localities wiicre coal 
had been observed were at Salkura, Charnpagiri, and Mirampura. 

At Sulkura and Miramjaira the so-called coal Mr. Medlicott found 
to be a resinous shale, while at Cliampagiri, further north but between 
the other localities, the bed is a dark stiff clay with insignificant strings 
of lignite. The presence of this somewhat amber-like resin has been 
ref(irr(‘d to by several previous writers* ; being disseminated in globules 
through the shale, it causes it to burn freely. The Coal Committee- 
pronounced these to be deposits of spurious brown coal, but tliey were 
under the impression that a valuable bituminous coal of distinct ehara(;ter 
existed in tlie valley of the Bunarossi, a tributary of the Kalu, whei'e a 
bed was found by Mr. Medlicott which consisted of a few sticks of lignite 
scattered through sandstone at from six to ten feet above the gneiss. 
Fragments of jetty lignite met with higher up the stream were obviously 
from a similar source. The rocks containing these carbonaceous deposits 
are all of cretaceous age, and Mr. Medlicott points out that they are on 
the same line of strike as the coal of Siju, in the valley of the Sameswari, 
the including zone having originally been, if it be not still, continuous 
throughout. Should the seams thicken and improve in quality to the 
dip, away from these marginal outcrops, a point which can only be tested 
by borings, the coal will only be accessible by pits in which a large water 
discharge must be anticipated. Mr. Medlicott suggests Dipkai as a 
favourable spot. 

Although Mr. Medlicott found the nummulitic rocks well represented 
in this area, there was no sign of the presence in them of the coal which 
is found overlying the nummulitic limestone of the Khasia hills. 

Siju, Lat. 25° 20' ; Long. 90° 43'. — The coal at this locality as seen 
at the outcrop, though somewhat better than that of the Harigaon area, 
is neither of sufficient quantity or quality to make it probable that it 
will pay for the difficult transport to the nearest navigable part of the 

* GrifTitlis’ Private Journals, p. 78, note. Dr, Oldham’s Report on Coal Resources of 
India, p. 18. 

- Final Report, 1846, p. 121, 
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Samoswiiri, An attcnij)! was formerly made l>y the Kaja of Susbiing' to 
work the coal. 

Daranccuri Fiei.d. — T his field is in a true rock basin^ 300 to 400 feet 
above Siju. Several fine outcrops of coal were found by Mr. Medlicott* 
in addition to one brought to notice by the officers of the Topographical 
Survey. 

A promising outcrop of a nearly horizontal scam, fully seven feet thick, 
is seen at the foot of a cliff' near Baranggiri. In other spots the seams 
were disturbed. The total area of the field amounts to from, at the least, 
12 to 15 square miles. It lies in the very heart of the Garo hills, but 
on the most favourable line for a I'ailway, through the gorge of the 
Semsang, should it be decided to undertake such a work. 

An analysis of this coal gave the following results ; — 

Carbon , . . . . . . . . . 47'7 

Volatile . . . 41'6 

(Moisture 11*5). 

Ash 77 

loo- 

Ronoencgirt Field. — F urther up the valley there is another basin, 
which extends above and below the oidpost of llongenggiri, where those 
coal-hearing cretaceous rocks occur. No a(!tual outcrops have as yet 
been seen, but Mr. Medlicott suggests that coal may exist below the 
present surface. 

The possibility of the existence of a more accessible source of coal 
below the Tura range is discussed by Mr. Medlicott, who proposes that 
a boring should be made to the deep near Dipkai, two miles north-east 
of Putimari Haut. 

Umblay Field.— F urther to the east Colonel Godwin-Austen^ dis- 
covered a basin of cretaceous coal-measures of similar character. He 
states that, unlike the nummulitic coal of the Khasi hills, it is persistent 
over a large area and is often to be found in a series of separate seams. 
The exact position of the portion of the basin which is most likely to be 
utilised is between the meridians 9r 10’ and 91° W of East Lono-i- 
tude and south of the parallel of 25® 26^ of North Latitude, 

In the scarp at Nougheran four coal seams wore seen, measuring 
respectively 3 feet 4 inches, 3 feet, 8 feet, and G feet, or a total of 20 
feet 4 inches. 

Khasi Hills.— The coal of the Khasi hills has attracted notice 
for more than fifty years; indeed, so early as the year 1815, Mr. 

^ Records, G. S. 1., Vol. VII, p. 69. 

’ Jour., A!<. Soc., ifougal, Vol, XXXVIII, part 2, p. 1, 
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Stark ft('nt dowii a sanijdo which was favonrahly ro])ort('(l on at the 
Cossipnr ^^nn-facdory. A very full ae(ioiint of the early liistory of 
this coal will he found in the re])ort on the Khasi hills by Dr. Oldham.* 
As will be seen by the references, there is a soinewliat extensive literature 
on the sul)jeet. 

In these hills coal occurs in both the cretaceous and niimrnuliitc for- 
mations. The ^reat difficulty experienced in th(drans])ort of this coal to 
market is due to the hi^h elevations at which the ditferent basins are 
Bituated. The followinii^ is a list*' of the localiti(?s with their elevalions 
where coal is known to exist : (1) By-ran^, altitude 1,212 feet above sea- 
level ; (2) Cherra Bunji, 4,118 feet; (8) Lait-ryng*-iew 1,S0() feet; 
(4) Mao-lon£!^, 600 feet,; (5) Mao-stoh, 1,500 feet; (6) Mao-syn-ram, 
4,000 feet; (7) Mao-don, 400 feel ; (S) Mao-nai-chora, oOO feet ; (0) 
Mao-belulyrkar, 5,000 feet ; (10) Sheila, 800 feet; (11) Thanjinath, 

4,400 feet. Much remains to be done in the way of exploration before 
a full ac(*ount of the coal resources of these hills can be writb'U. In tlie 
above list the most im])ortant areas are Mao-beh-lyrkar (Maubelarkar in 
Part II) and Cherra Punji. 

M AO-BEii-LYUKAiL — The a^c of the coal at this locality was ascertained 
to be cretae(M)us ])y Mr. IL B. Medlicotlu''’' Not only did the somewhat 
obscure ^eolojLiical relations point to that conclusion, but the mineral 
charact(n*s of the coal itself were found to be identical with those of the 
Garo hills coal abovcj described ; tlu^ texture is compact and s])lintery 
with conchoidal feature, and s])ecks and nests of fossil resin are included. 
The abundance of pyrites is a drawback to its usefulness as a fuel [vide 
Part n, p. 6S9). 

The deposit is of inconsiderable extent, but it has been worked t o 
sup])ly the station of Shillong, which is 18 miles distarit, where the cost 
is Bs. dO per ton. The seam is only from 3 feet 6 inches to 4 ft*et thick. 

Mr. Matllcf' has described the occurrence of coal at a place called 
Dedum, near Maolong, which he thiidcs could be more easily taken to 
Shillong. The analyses he gives show, how^ever, a very inferior quality 
of coal : — 



nedtim. 

Mny-l/rli-I 

Carbon 

37*8 

55-2 

Volatile 

246 

30*6 

Moisture 

6-0 

3-4 

Ash .... 

31-G 

1-8 


1()0~ 

100* 


' Mem., G. S. I., Vol. 1, p. 185. 

^ Statistical Account of Assam, Vol. II, }). 232. 
3 Mem., G. S. I- Vol. Vll. p. 175. 

< Kecorcls, G. S. I„ Vol, VllI, p. 86. 
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Cherra Punji. — The coal of (^herrii Piinji is of niiminuliiic ag-e. It 
occurs about 10 or 1 tl feet above the liinestoue in a brij^l^t-lookinij;* seam 
of soiiievvliat variable thickness owiiii^ to interpolations of sandstone. 
Tliis nuinmulitic coal has more the appcaranee of the ordinary bitumi- 
nous mineral, and is more stony than that from tlie eretaeoous basins. 

Dr. Oldham^s* estimate of the amount of coal available here was 
that thcrewas an avcrag'e of 3 feet 6 inches to 4 feet of coal over an 
area of oiuvtliird of a square mile, and that this would yield from 
Sb7,n00 to 417,000 tons. 

VAirious attem])ts have been made to work mines hero, but tlie cost of 
carriai^e has prevented tlie industry from beings a source of much ])rofil 
to those wlio liave leased the mining' rights.- 

Jaintia Hills. — In the Jaintia hills carhonaecoiis deposits are 
reported to exist at live localities, namely, (1) Am-wi, 3,800 feet ; ('2) 
La-ka-dong, 2,200 feet; (3) Narpur, 500 feet; (4) Sha-tyng-gah, 
3,500 feet; (5) Sher rnaiig, 4,000 feet. 

La-ka-dong. — Dr. Oldham (/.c.) states tiiat the coal of La-ka-dong, 
which is also of numinulitic age, is so irregularly develo])ed tliat it is 
very dillieult to give a regular estimate. However, he puts the area 
at half a s(piare mile, with an average tliiekuess of three feet; this would 
give l,r)(JO,00O ions of coal. 

La-ka-dong is within six miles of Dorghat, a village ou an ailluont 
of the Surma, which is accessible all the year round by boats of 500 
niaunds or IS tons burden; but at present cooly carriage only is avail- 
able between La-ka-dong and Borghat. 

A s])ecial rejxirt with maps of this field by Dr. Oldham^ was pub- 
lislied ill the year 1853, In it are given cstimatiss for working the eoal 
and traus])ortiiig it to market, a(‘cording to which the cost ill Cal- 
cutta, ill 1853, would be Rs. 43 ])er 100 ruauuds, indepimdoiit-ly of cost of 
superintendence, interest on eajiital, &e., which he eonsichu'ed would add 
2.5 per cent, to this amount, so that the cost per mauiid would be about 
8= annas. 

Sylhet and Cachar. — So far as the evidence at present goes, there 
is no workable seam of eoal in citlu;r Sylhet or Cachar. It being quite 
unknown to what extent the nummiilitic, eocene, or older tertiary rocks 
are develojied there, no opinion can lie given as to the jirohability of a 
valuable supply of coal, of the character of the Upper Assam coal, being 
found. 

i Mom., (i. s. 1 .. Vol, I, p. ni 2 . 

* statistical Account of Asbiiuj, Vol. 1 1, p. 233. 

* Sukctioiis fruui Kt‘coi’U», UtULTiimt iil, No. Xlll, p. 45. 



no 


GKOI/UIY or INDfA-COAl., 


Chap. II- 


Hitlu'rio the sample's of sii]:>])Osc(l coal vvbicli have been forwardeMl 
io Caleulla from these districts for examination have invarial)ly proved 
to be merely lii^nitc or jetty coal from nests^ and it is probable that the 
rocks in wbiedi these were found belong* U> the yonng*er tertiary groups. 
As petroleum is stated to have been found on the banks of the Barak 
and Sarang rivers, the nummulitic rocks are probably not far oJT, and local 
observers need not feel discouraged, but should redouble their efforts 
discover actual outcrops. 

As there is a prospect of some of the Assam coal- (adds being, ere 
long, worked by companies, the following may prove useful : — 

Rules for the lease of sites for Coal-ioor kings in Upper Assam^ — that is, in 
the Districts of Sihsagar and Lakhmpnr. 

1. Sites granted for coal-working may not exceed fifty acres of coal- 
bcaring rocks, nor may more than one site be leased to one person or in 
one interest. 

2. Leases of such sites may not be granted for a period longer than 
fifty years. 

Leases of such sites may not be granted before they have been 
surveyed and their boundaries demarcated. 

4. The rate of revenue to be charged for such sites shall be Rs. 3 
per acre i)er annum. 

5. A royalty of eight annas per ton shall be charged for all coal 
carried beyond the limits of the grant. 

6 . The lessee shall commence quarrying or mining operations within 
two years of the date of his lease. 

7. The lease shall be liable to cancelment on breach of any of the 
above conditions. 

8. If during the currency of the lease royalty be paid annually on 
less than 100 tons of coal mined on the site for five years successively, 
the lease shall be cancelled, 

9. Nothing in these rules shall be considered to limit the right of 
the Legislature to impose any regulations for the working of coal mines 
in Assam which it may consider desirable. 

Tlie above were in force in 1878, but they may have been modified since. 

Chittagong, — From time to time samples of brown coal or lignite 
from the Chittagong Hill Tracts have been received at the Geological 
Survey office for examination and report. In no case have they been 
of a character to encourage a hope that coal occurs in sufficient abund- 
ance to be profitably worked.* The great value which coal would possess, 

' Oldham, Or. T. Coal Uesourccs of India, 1867, p. 18. Bengal Administration Report, 
1870-71, p. 
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if foaiid at an easily accessible distance from Chittagonq'^ has proved 
an incentive to research by the local ollicials. All the s[)eeimens received 
are believed to be of tertiary ao^e and probably come from the nummulitic 
rocks, which are known to form a portion of the hills, where, however, 
cndaceoiis rocks also oecur. Samples forwarded for assay in the year 
1870 gave the following poor results 



A. 

B. 

Carbon .... 

. 30*5 

25'9 

Volatile .... 

. 3N' 

35-8 

Ash .... 

. 25-5 

38 3 


IDO- 

1(X)* 


A included a quantity of pyrites. 

British Burma. — Arakan Division. — From the number of refer- 
ences quoted under this head, in the list of authorities given at the end of 
this volume, it will be seen lliat for a period of nearly 50 years attention 
lias been directed to tlic carbonaceous deposits of Arakan. These admit 'of 
being discussed in three gronj)s, the northern including the Baronga 
Islands, the central including Kamri and Cheduba, and the southern 
the mainland in the Sandoway district. 

Bakonoa Islands. — Those are three islands situated south of Akyab 
harbour. They are parallel to one another and strike in a north- 
western to south-eastern direction, averaging about 20 miles long. On 
the western coast of the eastern island called Angara-Khyong, about 
two or three miles from its southern extremity, coal is said to liave been 
found at three localities below high-water mark. In one place it was 
thought that the bed of coal was 5 feet thick ; in another 1 8 inches ; the 
third being very small. The dip was said to be south-west by west. 
On the central island called Peni-Khyong, at the southern end, coal 
in a seam of 1 foot thick was reported to exist. * 

Mr. Mallet, in his description^ of the petroleum of these islands, 
suggests the possibility that the lignitiferous beds, from which the 
petroleum has in all probability been derived, occupy submarine areas 
between the islands. He says : The similarity of the rocks in the Barongas 
and the observed dips lend some little support to the idea that the Phadu 
and Chengdamma channels mark the position of anticlinal beds with 
a synclinal between in the position of the middle island/^ This view, 
supposing that a really workable seam does exist, presents a more hopeful 
prospect than Dr. McClelland's, which represents the coal under the sea in 

’ Coul Committee’s final report. 

- Records, G. S. I., Vol. XJ, p. 207. 



112 


GEOLOGY OF im)lA -~C()A L. 


1 Chap. IL 


a synclinal troiig*]!, and, thcrcfovo, probably unworkable, wliile on i.he other 
sup])osition it would be accessible at no ‘^reat de])tli on the islands ; but 
the dips are so big'll and the probability of the existence of a large scam of 
continuous thickness so slender, that in s])ite of any results from assays 
no future can be safely predicted for these deposits, though it is conceiv- 
able that a limited amount of useful fuel might be obtained. 

Samples from Ijarong-a were forwarded to the Geological Survey by 
Colonel S laden, and through the Economic Museum, for examination ; 
the former proved on examination to be lignite in which the woody struc- 
ture was apparent. The assays gave the following results : — 


AVater ...... 

. . 4*5 

5*0 

Volatile, exclusive of water 

. 37*5 

35*S 

Carbon (fixed) ..... 

. 40*0 

62*3 

Ask (orange- red) .... 

. 8*4 

(VO 


100- 

100* 

Specific Gravity 

31 

— 


* Tt is not known where the exact spots were whence these were 
obtained, or whether they occurred in real seams or merely in nests, as is 
not improbable. i 

The five-foot seam mentioned above, if it ever really existed, does not 
appear to have attracted notice of late years, though its position cannot 
be far from the petroleum wells. A sample of coal forwarded by the 
Barouga Oil Company to England for examination by Mr. Redwood was 
subjected to destructive distillation and yielded lb* 74 per cent, of tar 
and 12*03 per cent, of ammonical liquor. The sample would not coke and 
it contained 8 per cent, of ash. As these carbonaceous deposits exhibit 
every variety, from a woody or fibrous to a jet-like structure, opinions will 
differ as to the applicability of the terms lignite or coal. If the substance 
possesses heating power, or is suitable for the manufacture of gas, sup- 
posing it to occur abundantly, the name which is applied is not rnatcndal. 

Ramri Island. — Although attention has been directed to the carbon- 
aceous deposits of Ramri for many years, only one seam, giving even 
a slight promise of containing coal in workable quantity, has as yet been 
discovered. Some ten or a dozen localities might be mentioned where 
at different times hopes were raised that a source of fuel would be 
found. In the majority of cases these proved to be only lenticular nests 
of lignite, or, in some iiisiances, single logs of carbonised wood im- 
bedded in the sandstones ; in the others, the seams were too thin and too 
steep, as ai Iloong and near Kyouk Phyu, to be worked. Under these cir- 
cumstances it is pleasant to be al)le to quote from Mr, Mallet^s rei)ort* 


^ Records, G. S. 1., VoL XT, p. 209. 
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his account of a seam or rather seams of slightly more promise, but it must 
be stated that these are uulikely ever to possess any very high commer- 
cial value. 

Tsktama. — The best seams occur less than one mile west 10^ north of 
the village of Tsetama. One seam has a thickness of six feet, and the 
other, two feet five inches. The dip is 50“. The outcrops reminded 
Mr, Mallet of the appearance of some of the inferior seams of Upper 
Assam, and the rocks are believed to be of the same geological age, — tliat 
is to say, nummulitic or eocene. The coal is apt to fall to jneccs after 
a short exposure. 

Besides the high dip there is one other circumstance unfavorable 
to the prospect of the six-foot seam ever proving largely productive, 
and this is that in the upturned edges of the hods with which it 
occurs it does not appear except at this one spot, so that its lateral 
extension is probably limited. Mr. Mallet, in concluding his remarks 
on this coal, says that sea-going steamers, with Bengal and English coal 
at command, would certainly not take such coal as that which has been 
found at Ramri owing to its deficient heating power and frialde nature. 

He believes that the cost of raising it would be so high that it would 
probably not find a market for local purposes at Akyab. 

The following assays are by Mr. Mallet 


Scam. 

Carbon. 

Volatile. 

Hygrosopic 

water. 

Ash. 

Cakin/j' 

properties. 

Colour of Ash. 

Tsetama 

43-6 

28-8 

8*4 

10*3 

Cakes slightly . 

Eeddish grey. 

,, six-foot scam 

38'4 

28-0 

14,'C 

18*1 

Does not cake . 

Light grey. 

„ one-foot seam 

48'G 

33*1 

10*8 

7*5 

Cakes 

Rod. 


Cbeduba Island. — Mr. Mallet {1. c.) describes a seam which is seen 
in a stream which descends from a hill north-east of Pallang Kao. It is 
only two feet six inches thick and dips to east- 20^ south at an angle of 
40°. It is similar in appearance to the coal at1\setama. A carbonaceous 
sandstone was described by Captain Halstead* as occurring less than a 
mile from the ]>each to the south of Pagoda Hill. 

Sandoway. — On the mainland of Arakan, in the neighbourhood of 
Sandoway, thin carbonaceous deposits have from time to time been 
discovered and samples of lignite from the Arakan Hill Tracts have 
been forwarded, but at present there are no solid grounds for believing 
that a deposit of value exists in these regions. It is possible that some 
of these may be of cretaceous age. 

* Jour., As. Soc., Bengal, Vol. X, p. 444. 


H 
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Pog*!! Division* — Thjiyct Myo (or lliiiicl* Mio*) o<ial was dis- 
covered ill tlie year 1855, and a mine was opened wliicli at first g-ave g*ood 
])roinisc of yielding- a quality of coal^that would have been most serviceable 
foi- the steam navigation of the Irawadi. Owing to the beds being nearly 
vertical, niiiiiug would have been attended with considerable difiiciilty. 
This iniglit not have proved an insurmountable obstacle ; but the fact 
that the two seams which were originally diseovercil gradually merged 
into one, which ultimately died out, led to the abandonment of opera- 
tions after a few hundredweights had been extracted. Another seam, 
also worthless, was discovered, according to Mr. Theobald, ^ near the vil- 
lage of Chouk-kalah on the Mu stream, d miles south of Thain-baya- 
doing boundary })illar. It is a bed of carboniiceous shale including one 
foot of hard coal and a few stringy seams, amounting in all to 18 
inches. Tlie dip is Ttf" to east by north. Its situation is more than 30 
miles from tlic Irawadi. 

Tlie latest examination of this coal was made by a gentleman employed 
by a Rangoon firm in 1878^ to report on the petroleum. Having had 
exi>erience of coal-mining, his opinion was that it would be impossible to 
work the deposits profitably, as the quality, quantity, and the state of the 
communications were all unfavorable. 

At Dalhousie, near the mouth of the Bassein river, and in other places 
as in the Shu stream above Sabatau, traces of carbonized trunks or lignite 
have been met with, and have given rise to fallacious hopes of a source of 
fuel. The rocks in these localities are also of the older tertiary, num- 
mulitic, or eocene age. 

Tenasserim Division. — In the Tenasserim Division coal has been 
found in the tertiary rocks at a number of loealilics, and, as will be seen 
by reference to the list of authorities at the end of this volume, there are 
a good mauy ])apers on the subject. Dr. Heifer appears to have been 
the earliest writer on the subject. In the year 1838 he made bis first 
discoveries and described them in glowing language, which was only 
exceeded by the terras inexhaustible beds of uniformly good quality^^ 
made use of by the Coal Committee. A resume of the literature will be 
found in the recently published British Burma Gazetteer.^^ 

In the year 1855 all the then known localities were either visited by 
Dr. Oldham or conclusive information was obtained regarding them. 
Out of thirteen named localities, in five, — namely, Bankyop, Tagoo Creek, 

' Oldham, Dr. SchM-tioiis from Records, Government of India, Vol. X, p. 90; and Coal 
Resources of India, p, 18. 

" Mem., G. S. I., Vol. XI, p. 31.3. 

British Burma Administratiuii Re]>ort, 1H77-7S, p. 35. 
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Banpyai and Manton, on the Great Tenasserim river, and in Tagit Creek 
on the Little Tenasserim no coal exists, — black carbonaceous deposits 
incapable of supporting combustion having* lieen mistaken for coal. Out 
of the remaining eight localities two were too remoie to be visited, and 
the occurrence of coal was doubtful.* The following gives in brief the 
icsults of the examination of those possessing a possiI)le value. 

Tiioo-iiTio Kityoung or Tiiatay Khyouno, Lat. 12° 30'; Long. 99'^ 
—On the Great Tenasserim, about tlie year 1 841, a coal mine was worked 
here by Government, but was subsequently abandoned, although conei^ 
derable expenditure had been incurred. The seam, including partings, 
was 1 1 feet 8| inches thick, of which 0 feet 8 inches was true coal. 
The dip is to 15° north of east. Iron pyrites is very abundant, but 
the coal was easily wrought, lieing turned out in good cuboidal masses 
with little waste, and it was found to answer fairly well in steam- 
engines, The steep dip of the beds was, in Dr. Oldham^s opinion, the 
most serious objection to working the mines, as the site is not unf avail- 
ably situated, being within three-fourths of a mile of the river, but the 
navigation is difficult for about 80 miles to the port at Mergui. 

As remarked by Mr. Fryar,'^ who visited the locality subsequently, 
the question of working these mines hinges upon the demand likely to 
arise for the coal. Were it of a quality equal to Indian steam coal, it is 
doubtful whether it could contend with it successfully at Indian ports; 
and of local demand there is none, the monthly steamer from Maulmain 
to Mergui using wood fuel on the return journey. 

Hienlap or Hienlat. — This locality is the name of a village about 
6 miles north of Thoo-hte-khyoung. The seam is 17 to 18 feet thick, 
and the coal is of pretty uniform character with oonchoidal fi’acture. It 
comes out in large masses, but these break down after exposure. It does 
not coke, but breaks up, leaving little ash. Pyrites is not so abundant as 
in the coal of the last-mentioned locality. An assay by Dr. Macnamara 
shows that it would be rather deficient in beating power, still a trial made 
by H. C. S, Pluto j of 100 tons of this coal, brouglit down to Mergui 
by a Burman, yielded satisfactoiy results. The specific gravity is 1*28. 
The assays of this and of the coals from the following localities, although 
they have several times been quoted, are not given here, as they seem 
to have been erroneously copied, or, if not, the proportions of constitu^ 
ents cannot be treated as percentages since the totals considerably exceed 
] 00 , 


* Selections from Records, Government of India, Vol. X, p. 31. 

* Jnduit) Economist, Vol. IV, p. 43. 
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As workiDg* at the outoroj) by the natives was calculated to injure 
this seam in reference to future operations, Dr. Oldham riicommended 
that if systematic working was contemjdated tlie former should be put 
a stop to. For the first lot of this coal Its. 24 a ton was paid at Mergui 
to the Burmese contractor, who, however, was willing to enter upon a new 
contract at the rate of Rs. 16 a ton. 

Iv^vN-MA-rYENG. — This ]oc*ality is situated three-fourths of a mile north 
of llienlnp. The main seam of coal is about 8 feet, but pyrites is 
abundant, otherwise the coal is similar to the last. In situation it is nearer 
the river, but the landing })]aee is not so good. The other localities in 
tills valley appear to be unimportant. 

Lttti.e Tenasserim Rivee — Tsing Koon. — Tills locality is 121 miles 
from Mergni and 80 miles from Tenasserim. Dr. Oldham, accompanied 
by Mr. Chase, spent five clays journeying in canoes and 11 miles 
marching through the forest before be reaihed this spot from Tenasserim. 
It was in reference especially to this coal that the above-cpioted remarks 
were made by Dr. Heifer and the Coal Committee. The seam or seams 
examined by Dr. Oldham were too small to be of any practical value ; 
the quality, were it not for the presence of a certain amount of pyrites, 
is good. The dip is 18°. This locality is on the fronfciei*s of Siam. 
Although the tract in which it is situated was once thickly populated, 
there are now no human habitations. 

Lenya River — A-tong-wo, Lat. IV 25' ? Long. 99®. — This locality 
is about 8 miles above the Lenya village on the Lenya river, which joins 
the sea south of Mergui. It took five days travelling in canoes, numer- 
ous shallows being encountered before the spot was reached. 

The coal is exposed in the bank of a small tributary called the Phlia; 
but it unfortunately proved to be only an irregular bed varying from 
1 foot to 2 feet 6 inches in thickness ; it is throughout laminar with 
thin seams of jetty coal between the layers, and very numerous imbedded 
nodular lumps of a resinous amber-like substance. The whole appear- 
ance of the rocks suggested that they were more modern than those 
of the Tenasserim district. I’he coal and associated rocks dip at from 
85 to 38°, to between 15® and 3(J® north of cast. The coal ignites with 
some difficulty, but retains its shape after the lumps become red hot. The 
amber-like resin causes it to blaze up. It comes out of the bed in largo 
solid masses, and if it occurred in abundance would be a useful fuel for 
many purposes. 

In Dr. Oldham^s concluding remarks he states his belief in the pro- 
bable identity of the Thoohte (or Thattay) and Heinlap seams, but the 
Kan-ma-pyeng seam probably belongs to a higher horizon. 
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The coal could, ho considered, be laid down at Mergni if worked on a 
large scale for Rs. 10 a ton. The latest opinion as tO the extent O 
the demand has already been quoted, but the fact should be borne in 
mind that tliis field contains coal in sufficient quantity and of such a 
quality as to render it possible that it may yet become commercially 
valuable. 

Upper (or Native) Burma. — The only detailed accounts of the 
ajipearauce and character of coal seams in Upjier Burma are by Dr. 
Oldham,* whose observations at Thingadaw were made during the 
mission of Sir Arthur Phayre to Ava in the year 1855, and by Dr. 

J. Anderson “ during the expedition to Western Yunaii. Some notes by 
Major Strovcr on the mineral resources of Ujipcr Burma^ more recently 
published, give additional localities, and these it will be most convenient 
to mention first. Coal is known to exist at Thingadaw, about 70 miles 
above Mandalay, on the western bank of the Irawadi ; at Shuaygu 
below Bhamo ; at Meinbaloung in the Shan states east of Mandalay ; to 
the south-west of Mandalay in the Yaw district, at Yaignaw, east of 
Nat-taik. It is found also at Pagan and Shimpagah. Major Strover 
states the coal at Meinbaloung has been examined by a Mining Engineer, 
and that it is said to be a true mineral coal quite equal to the best 
English. Coal is known to exist in the Hukong valley, where amber is 
found, as has been described on a previous page. 

Thingadaw, Lat. 28° 4«5'; Long. 95°. — This locality is situated on the 
western bank of the Irawadi, at some distance from the three points 
where the coal outcrops visited by Dr. Oldham lie. The most southernly 
of these is in a stream bed 10 miles west of the village of Tembiung. 

The seam, which is 4 feet thick, dips to wcst-30°-south at 15®. It 
contains a large proportion of impurity in the form of black powdeiy 
soot and black clay. It disintegrates rapidly on exposure, and even 
at first, on account of its flaky and cracked condition, it cannot be got 
out in large lumps. In the year 1855 it had been worked to some 
extent, but its sale in Pegu had not proved remunerative. 

The second locality is on the ujiper waters of the Kibiung stream, 5 
miles further north and 5 miles west of Thingadaw. The coal here 
with the included shale is 5 feet 6 imdies thick ; dip h*" to 8° to west. 
The structure is flaky and woody, and includes an amber-like resin in 
nests. This appears to have been formed from the exudation of *lhe sap 
of the wood, which on decomposition formed the coal. 


^ Colonel Yule's mission to Ava, Appendix E, p. 332. 

* Report on expedition to Western Yunan, pp. 198, 199, 
^ Indian Economist, Vol. V, p. 14. 
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The third locality is 8 miles north-west of Thingadaw. The coal 
is hard^ compact and jetty, with small imbedded lumps of amber-like 
resin. The thickness is 3 feet 9 inches to 4 feet, and the dip 8'’ 
to nortli-east ; both floor and roof are good. This is the most promising 
locality of the three, A good deal of coal had been raised but none 
removed, as the country was impracticable for carts ; but as the distance 
was only 7 or 8 miles to the Irawadi, Dr. Oldham considered that 
the deposit was likely to become a valuable one. There is now a dep6t for 
this coal at Thingadaw, where the steamers take in fuel.^ The seams 
at the first and second localities were thought to be the same, while 
this was considered to occupy a higher horizon ; no fossils were found 
to show the age of the beds, but it is possible that they may prove to be 
cretaceous like those containing similar resinous coal elsewhere. 

Dr. Anderson'-^ visited two coal mines to the west of the village of 
Kabyuet, which aj^pear to be further south, though possibly on the same 
horizon as those above described. One of these, called Lek-opc-bin, is 6 
feet thick, and the dip is to the south-west at an angle of It is 

distant about 5 miles from the river. The other is at Ket-zu-bin to the 
north-east of Lek-ope-bin on the banks of a small stream. It is said 
to contain the best coal ; two of the openings had been flooded and the 
other only recently commenced. 

Half a dozen men worked in each pit, their only tools being axes and 
chisels in wooden handles. The amount mined is therefore inconsiderable, 
and the coal comes out in very small ])ieces. 

Andaman Islands.—^Traces of coal have been met with in several 
of the islands of the Andaman group, but as yet no regular seam has 
been discovered. The deposits consist of nests which, in every case where 
any excavation has been attempted, have been speedily exhausted. The 
rocks are either of the oldest tertiary or most recent cretaceous age, and 
probably belong to the same group as those of Negrais of the Arakan 
Yoma {vide ante^ Part II, p. 733). 

In a sinking for a well on Viper Island one of the above-mentioned 
nests of coal was met with, and samples from thence on analysis yielded 


the following results : — 

Unpicked. 

< 

Picked. 

A 

Carbon . 

60-8 

52-3 

62- 

'A'olatilo , . . , 

2-6 

41*4 

34- 

Ash . . . . 

23-2 

6-3 

4* 


— 

. ■■ — 



100- 

]00- 

KX). 


’ Kxpedition to WcBlom Yuuau via lihumo, p. 202. 
* Idetn, p. 190, 
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Although from its lightness and friability this coal, supposing it to be 
found in quantity, might not prove well suited for employment in marine 
engines, still there is no doubt that for other purposes it would possess a 
considerable value. ^ 

Nicobar Islands. — The existence of coal in certain islands of the 
Nicobar group has now been known for many 3 ^ears, and at one time it 
attracted some little notice. There is every reason for believing, however, 
that its mode of occurrence is similar to that of the Andamans, Although 
the rocks in some of the Nieobars are probably not very far removed from 
those of eocene age, which in Java, Borneo, and Sumatra contain workable 
and valuable seams, still no such scam has yet been discovered on any 
of the smaller islands, and it is impossible to say what the interior of the 
Great Nicobar may or may not contain, as its exploration has hitherto 
been very partial. 

In tlic year 1 8d5 Mr. Mackey,'^ the Danish Consul at Calcutta, together 
with two Danes, visited the Nieobars in a schooner commanded by Captain 
Lewis. The principal object of this expedition was to search for coal, of 
the existence of which rumours had already reached Calcutta. The journal 
of Mr. Busch, one of the Danes, shows that the party were successful in 
obtaining some fragments of coal and lignite. Weathered samples of those 
which had been found in the sands of the Southern Islands were analysed 
by Dr. McClelland, ^ and his description of some of them suggests the 
possibility of their being European coal which had fallen from ships, as 
some of the coal brought at other times from the Nieobars is believed to 
have been. Be this as it may, Drs. Kink and Ilochstetter,'* and subse- 
quently the writer, obhiined more or less coaly or carbonaceous matter in 
sUu ill tlie sandstones of these islands. Dr. Kink,^ who was geologist on 
board the Danish corvette Galaihea, found coal on Little Nicobar, Trice, 
Mill! and Kondul,aud fossil resin resembling amber on Milu. He states 
that the nests of brown coal occurred without any order, sometimes in 
the sandstone and sometimes in the shale, and appeared to be derived 
from drift wood. Dr, Ilochstetter obtained similar samples in situ 
on the islands of Track, Kondul, and the south side of the Great 
Nicobar. On the strand at Pulo Milo he picked up pieces of laminated 
coal on the beach, such as come from seams ; but these, he thinks, may 
have fallen overboard from the steamer Ganges^ which accompanied the 
Galathea, 

' Jour., As. Soc., Bengal, Vol. XXXIX, p. 236. 

^ Selections from Uecords, Government of India, Vol. LXXVII, pp. 20, 21. 

^ Op. vit., p. 28. 

^ Op. cit.y pp. 127, 128. 

Op. cit., p. 221. 
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In conclusion it may be said * tliat so far as examination has yet gone 
there is no ground for believing that a valuable deposit of coal exists in 
either the Andaman or Nicobar groups of islands ; at the same time it is 
just possible that such may yet be found. 

Peat. — From time to time propositions have been made in reference 
to the employment of peat as fuel for Indian locomotives. The sole 
objection, however, to the scheme, and one which cannot but be accepted 
as valid, is that, in so far as the northern part of the peninsula is con- 
cerned, true peat does not exist, and the evidence available points to the 
vegetable accumulations, which have been described as peat, being both 
in quality and quantity wholly unsuited to the purpose of manufactur- 
ing into an economical fuel. 

It has sometimes even been questioned whether the term peat^^ is 
strictly applicable to the deposits formed at high elevation in the Nilgiris 
in Southern India ; but as will be shown the term is, in this case, quite 
an appropriate one. This peat has attracted some particular notice, and 
the following is a resim^ of all available information on the subject. 

Madras : Nilgiris. — A very elaborate paper with discussion on the 
subject of the employment of the peat of the Nilgiris in a condensed, 
as distinguished from compressed, form for fuel on Indian Railways is 
printed in the Journal of the Society of Arts.'"^ Colonel Romaine Wragge, 
the author, expresses a confident opinion as to the abundance of peat in the 
Nilgiris, and the possibility of its being brought to the ports of Madras 
and Bombay and being sold there at a price considei'ably less than that 
of coal. That the swampy accumulations of vegetable matter which 
occur there have yielded a fuel for local purposes is amply attested by 
various writers ^ on the Nilgiris. Indeed it is a fact sufficiently notorious 
that turf is largely employed for burning, and is sold at a moderate price; 
but there are no data available as to its working power in locomotives, and 
until by analysis and actual practical trial it is shown to be equal to Irish 
or Canadian peat, it seems to be rather premature to apply to it the statis- 
tics referring to the latter. However, samples cut into prismatic pieces, 
which were sent to Dr. Percy by Dr. Cleghorn, though not analysed, 
were according to the former similar to the marketable peat of England/ 

Mr. W. T. Blanford, who is quoted by Dr. Percy, has stated that 
the peat of the Nilgiris is only found on the part of the hills above 6,000 

» Jour., As. Sf)c.,Beugftl, Vol.XXXlX,p,28. 

* Jour., Soc. of Arts, Vol. XIX, 1871, pp. 201 and 266. 

* Cleghorn, Dr. Forests and Garden* of South India. Lond. W. 11. Allen, 1861, pp. 
87. 162, 178. 

A Metallurgy, ‘ Fuel,’ 1875, p. 204. 
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feet in a temperate climate whem both the fauna and flora show affi- 
nities to those of the paloearctic region, and differ entirely from those of 
Bengal. Dr. Cleghorn saj s that the general appearance of the bogs in 
the Kunda mountains resembles that of those which occur in Europe, and 
although the species of plants from which they are formed are not iden- 
tical, the same genera are often present in both, as Seirpus, Carex, Par^ 
nassia, Utricularia ; others being absent, as JErica, Erichoray &c. ,* but 
Sphagnum prevails very extensively in these upland marshes of the east 
as well as in the bogs of Europe. The prevalence of the idea that true 
peat does not occur in the tropics doubtless accounts for the unwillingness 
of some to apply the term to this Nilgiri turf ; but it is clear from the 
above that it is true peat, and that at the same time it is scarcely true to 
speak of it as occurring in the tropics notwithstanding the latitude, since 
the altitude at which it is formed removes it from a tropical into a tem- 
perate climate. It is stated that in some cases bogs which have l>een 
opened up have been completely washed down the mountains by heavy 
monsoon rains. 

Although there are no estimates as to the extent of these bogs, still 
by all competent to form an opinion it seems to be admitted that they are 
numerous and include a vast supply of fuel. On the western side of the 
hills, sunny days suitable for drying the turf are not of frequent occur- 
rence, but this objection does not apply to the eastward according to 
Dr. Cleghorn, 

As to the cost of production. Dr. Cleghorn states that the retail cost 
of a cart-load of turf at Utakamund is Es. 2 to 2^, Another statement is 
that a cart-load weighing 1,000 pounds can be obtained at the bog for 
8 annas. 

A table by Colonel Wragge represents bis estimate of the saving 
which would be effected by using peat instead of coal on the four prin- 
cipal peninsular lines, excluding the East Indian, the figures of coal 
consumption being taken from returns of 1867. The sum so saved is 
put down at £121,033 per annum ; but his calculations depend principally 
upon the question as to the cost of transport, which can only be discussed 
by those with local knowledge, and they alone can sqy whether 6d. 
per ton per mile for carting down the hills is a practicable estimate. 

In a second table the cost of the peat at the Nilgiri depOt is put 
down at 10s. per ton, and this, it is said, could be carried from Beypur to 
Bombay by coasting vessels at a total cost when landed of £2 per ton. 
By way of comparison the price of English coal is stated to be £3-15-0 
per ton ; but this is certainly an excessive price. Even in another part of 
his paper (p. 202), the average cost of European coal landed in Bombay 
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for the use of the railways is stated to be only £-2-2«8, and at the 
present time coal can be obtained in Bombay for about Rs. 17-8 per 
ton. 

Lower Bengal. — There are in the neighbourhood of Calcutta and 
in other parts of Lower Bengal two kinds of vegetable accumulations^ to 
wliich^ in the absence of a more suitable name^ the term Peat has been 
applied. 

The older of these occurs in the alluvium at varying depths below the 
surface^ and excavations about Calcutta frecpicntly lay it bare. A section 
ill a tank at Sealdah, described and figured by Mr. H. F. Blauford,* 
was as follows ; — 

Fine sand 

Loam passing into clay . 
t^eat with tree stumps 
Clay with sand and tree 
Lowest trees seen 
Blue elunchy clay with ro 
Black carhoiiaceous sand 

The peat bed of the above section is traceable over a wide area on 
both sides of the Ilugli river, but its depth from the surface, or in 
reference to the sea level, varies considerably. Since the Siindri trees, 
lleritiera llUoralis, to which the stumps belonged, died, there must, it is 
concluded, have been a subsidence of 18 feet at Sealdab.^ 

For our j)rescut purpose it is not necessary to give any further parti- 
culars as to the distribution of this deposit. Generally speaking it ap- 
pears to be too impure to be of much use as a fuel. The following 
analysis by Mr. Prinsep^ of some which was dug up from 30 feet below 
the surface at the Cbitpur lock-gates does not distinguish between the 
aqueous and combustible volatile constituents 


Volatile matter, 2 )nnci pally aqueous 62*0 

Fixed carbonaceous matter ....... 16'7 

Red ash 21-3 


nps 
I of tr 


; ] 20 foot. 

. 1 foot. 

, 10 feet. 

.]■ 15 foot. 


40 feet. 
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Even wxu’c* there any prospect of its yielding a good fuel, it could 
not be ([uarried by open workings to any extent, and mining in a wet 
soil, such as that beneath Calcutta, could certainly only Ix) effected at an 
expense far greater than the return. 

* Jour., As. Soc., Dengnl, Vol. XXXITT, p. 157. 

2 Proedgs., As. Sot., Bengal, ISOO, p. 81. 

* Jom*., Aa. Soc., Bengal, VqI. 11, p. 435. 
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This bod of peat was found by Dr. Falconer to contain the seeds of 
Euryalc ferox, a plant which was not known to occur nearer than Dacca.' 

The other variety of peat is forming* at the present day in the bottoms 
of j heels y principally from the accumulation of the stalks of wild rice, 
Oryza syheslru, with which the decayed remains of Valisneria, Nymjiheay 
and other plants are sometimes found, but the bulk of the deposit is 
derived from the rice. It is sometimes used as a manure, for which 
purpose it is well suited, but it is not likely to afford a useful fuel.^ 

Oudh : PERTABGUiin. — Attention was drawn by Major Ouselcy^ 
some years ago to the occurrence of a black carbonaceous deposit in the 
j heels of Oudh, which it was thought might serve as a fuel. Some 
experiments appeared to show that it had, when used in locomotives, a 
greater heating power than wood. The following assay by Mr. Tween of 
a sample which was forwarded for examination indicates a very poor fuel, 
the heating power of which was slight, since the fixed carbon did not 
amount to onc-sixth of the whole weight : — 

Fixed carbon , IC'S 

Volatile (including water 13’3) . . . ,48* 

Ash 35‘5 


100 - 


Kashmir.— A sample of peat from Kashmir, obtained by Dr. Falconer, 
was analysed by Dr. Percy It was brown, crumbly, and somewhat like 
coarse cut tobacco in texture. It contained the remains of a(|uatic 
jdants, but none of mosses. The included water amounted to 10*40 per 
cent. 


Carbon 

• 



• . 
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. 37-15 

Hydrogen . 

. 
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. 

. 4-08 

Oxygen 

. 
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. 23-48 

Nitrogen 
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. 2-02 

Ash 

• 



. 

. 

. 33-27 


100 - 

From a comparison of the amounts of fixed carbon, this substance 
ought to have about twice the heating power of that from Oudh. 

North-west Provinces. — Traces of true peat are said'* to exist at 
Bhim Tal, near Naini Tal, but the deposit there must, from the nature 

* Hooker’s Himalayan Journal, Vol. IT, p. 341. 

2 Jour., As. 8oc,, Bengal, Vol. XXIII, p. 400. 

* Op. cit, Vol. XXXIV, pp. 85, 86. 

* Poroy’s Metallurgy, ‘Fuel/ p. 205. 

* Atkinson, E, T. Economic Geology of Hill Districts of North-Western Provinces : 
AUahabad, 1877, p. 32. 
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of the case, be so limited in extent as not to have any great commercial 
value. 

Nepal, — Beds of an itrpiire peat are of frequent occurrence in 
Nepal, according to M]‘. II. B. Medlicott.^ ^I'hey were observed in the 
gullies close above the Katwaldar gorge, and near the surface of the 
uf)lands nortli of Katmandu, not being confined to the margins of the 
valley. As contrasted with the peats of Kashmir, these deposits are thick, 
and the quality is good enough to aiford a fuel which is largely employed 
for Ijrick-burning. 

Assam. — Similar jJieel deposits to those described above as occur- 
ring in Bengal arc also found in Assam, as might be expected. A sample 
forwarded to the Geological Survey office from Nazira on examination 
by Mr. Tween gave the following poor results : — 


Carbon . 13*4 

Volatile (including moisture 13*6) . . . 34’2 

Ash 52*4 


100 * 

At Phenchugnnj, in Silhet, a deposit of so-called peat was discovered 
by the late Dr. Barry in ls6‘L It was said to burn well. 

Burma. — Considerable deposits of peat are believed to exist in the 
higher valleys of the Sal win and Irawadi rivers; but particulars regarding 
them are scanty. Such lakes as the Nongyang, near the Patkai range, 
in Upper Burma, recently described by Mr. S. Peal, may be expected to 
have in connection wdth them large peaty deposits.^ 

Petroleum. — Petroleum, so far as our knowledge goes, is wholly 
absent from Peninsular India; supposed discoveries have indeed been 
reported from time to time, but these, on being subjected to strict 
examination, have proved to be fallacious. The most notorious of these 
cases occurred at Khona Oopalapad, in the Madnis Presidency ; but there 
the supposed petroleum proved to be only a substance derived from the 
accumulated droppings of bats. 

Passing from Peninsular India to the extra-peninsular countries 
where the rocks belong to formations closely related to those of Europe, 
we meet with several regions where the strata yield more or less 
abundant supplies of petroleum, some of which are of considerable 
economic importance. The nature of this product varies at different 
lo(^alities ; in some it consists largely of the lighter hydrocarbons, such 
as naphtha ; in others the heavier and less readily combustible varieties 

> Rocords, G. S. I., Vol. VIII, p. 99. 

* Jour., Ab. Soc., Bengal, Vol. L, Pt. II, 1881, p. L 
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prevail, and these, on exposure to the atmosphere, become oxidised and 
ehan^e into the condition of asphalt. 

There can be little doubt that the formation of petroleum is inti- 
mately thou^^h obscurely connected with the presence of salt, otherwise 
it would be difficult to account for the simultaneous occurrence of petro- 
leum and brine springs which has been observed in India as well as in 
Pennsylvania and Virginia. 

Siagrowli. — According to Mr. W. Eoberts,* Mr. Osborn, of the 
Opium Department, discovered iron Rul])hate with exudations of petro- 
leum at the Umlah Gh^t, in the year 18‘17; but the latter not in suffi- 
cient quantities to be of any use. Nothing has since been beard of this 
discovery. 

Alwar, — Tijarau, Lat. 27° 56'; Long. 76° 54'. — Close toTijarah, in 
the Alwar State, and about 30 miles north of the city, the discovery of a 
bituminous deposit was reported in the year 1874. Its mode of occur- 
rence was thus described by Dr. Ffrench Mullen, Surgeon to the Agency. 

It was found in two fields, which are about 20 feet above the level of 
a road whicli runs east-by-south to the Ladloara fort. The subst ance was 
first turned up by the plough and w^as found to be eonibusiiblc. It 
lay in patches in the soil of from 3 to 4 inches thick, and at an average 
depth of 3 inches from the surface. Trenches cut across the fields did not 
prove the existence of a greater thickness anywhere. 

Samples of this substance, which were forwarded to the Chemical 
Examiner to the North-West Provinces and Oiulh, yielded 25*56 per cent, 
of bitumen and 3’ 72 of fixed carbon. Other samples forwarded to the 
Geological Survey office yielded from 30 to 60 per cent, of combustible 
matter. 

According to native tradition, the spot had been the site of a haihan 
or cattle village. It was suggested at the time that the deposit was due 
to infiltrations from animal and vegetable refuse ; hut the locality does not 
appear to have been visited by any one qualified to give a definite 
opinion. It seems probable that a true bitumen was formed by the 
alteration of the cellulose of an accumulated mass of vegetable matter, 
in contact with a saliferous soil. The facts do not justify the conclusion 
that the discovery had any real value, and it is chiefly in conseqiicnca 
of its having given rise to a considerable amount of official correspond- 
ence that it is mentioned here. 

Outch. — Mr. Wynne states that some friable brown shales in the 
sub-nummulitic and next succeeding beds contain small resinous and black 

' Selections from Records, North-West Provinces Government, new series, Vol. Ill, 
p. 152. 
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bituminous lumps which are burned in the native temples as incense. It 
is called Bhut khana or spirit food at Mohurr, where it is found, and it 
also occurs at Julerai and Lukput. To the eastward of the latter place it 
was observed in small quantities in tertiary shales, which belong* to a 
horizon slightly above that of the nummulitic group. No mineral oil 
appears to have been discovered as yet in Cutch . * 

Balochistan. — According to Captain Hutton, at the sulphur mines 
of Suni (Sunnee), 40 miles from Bagh, in Kachi, petroleum drops from 
the roof into a small hollow. It is, as will be again referred to in the 
description of the sulphur, boiled together with the impure varieties and 
refuse of the mine and forms a dark-coloured brimstone. Reports of the 
existence of petroleum in the Mari country have been at several times 
recorded, but definite information on the subject is not available. 

Afghanistan. — In Afghanistan it is believed that there aix3 several 
localities where bituminous products occur, as they are commonly sold as 
drugs in the bazaars of that country. According to Captain Hutton,'-* a 
mineral pitch called Mumiai by the natives, and which is used for 
external application, is found in the Shah Makhsud range. A sub* 
stance supposed to be this same Mimiai, otherwise called Rock Chetny, 
which was obtained by Lieutenant Conolly as an exudation from a 
fissure in a rock in Ghazni, was analysed by Mr. Piddington,*^ who 
concluded, in spite of its savoury name, that it was composed of the 
excreta of birds, more probably of bats, mixed with salts of lime. There 
was no trace of bitumen or sulphur. In fact, the substance was no 
doubt similar as regards its origin to that which many years after- 
wwds, as already mentioned, attracted so much notice in the Madras 
Presidency. 

Panjab. — In writing an abstract of the available information on the 
subject of the petroleum and asphalt of the Punjab, there is this some- 
what unusual feature for India, that it has already been done on an 
extended scale by a specialist, Mr, B. S. Lyman, a Mining Engineer, who 
was brought out by the Government to report upon the petroleum-yield- 
ing districts of India. His researches did not extend beyond the Punjab. 
His conclusions, it should be said, fully confirmed the opinions already 
expressed by Dr. Oldham and Mr. A. B, Wynne of the Geological Survey. 

As Mr. Lyman appears to have consulted all or nearly all the available 
authorities, the list of whose publications will be found at the end of this 

> Mem.. G. S. I., Vol. IX, p. 89. 

^ Cal. Jour., Nat. Histy., Vol. VI, p. 601. 

^ Jour,, As. Soc., Denial, Vol, IV, p. 696, 

^ llt‘pot’t oil Punjab Oil Ijaiwls ; Lahore, 1870. 
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volume, it will be less necessary to quote from previous writings here 
than it is in the cases of other deposits. One exception must be made, as 
from Mr. Wynne^s last report it will be necessary to draw our informa- 
tion regarding the geology. 

Mr. Lyman^s general conclusion was that by properly opening up the 
known localities there was a fair likelihood of obtaining about 100 gal- 
lons of oil a day for eight years, after which the supply would probably 
fail. The accumulated asphalt, he thought, might yield 100 gallons a 
day for three or four years, so that in all twelve ycars^ su])ply would be 
forth-coming for the gas works at that rate of consumption, after which 
the railway to Rawalpindi might make other gas material available. 

Since Mr. Lyman^s report was written, the gas works liave come into 
full operation, and the Superintendent, Mr. C. H. Blackburn, has kindly 
forwarded a note, from which wc learn that the total quantity of oil 
collected during ibc past year, 1880, was 2,850 gallons, at a total cost 
when brought to Rawalpindi of Rs. 1,817-0-3, or 7 annas dif pic per gallon, 
'J'he details will be found on subsequent pages under the head of Barra 
Kutta (Jaba) and Guuda (Fathejung), where alone the spritigs are at 
present worked. The average production of gas per gallon of oil during 
the year was 320 cubic feet, with an illuminating power equal to from 
Id to 15 standard candles. 

It may be of interest to add that an experimental trial of the Pin- 
dadiin Khan orTLhewra coal, as a substitute in the manufacture oC gas 
at Rawalpindi, has recently been made by Mr. Blackburn. The gas 
was produced at the rate of 10,900 cubic feet per ton of coal, and in 
lighting ])ower it was equal to 12^ standard candles, Tlie amount of 
sulphur was excessive, and the smell resulting from its presence was very 
pungent in the unpurified gas. The residue in the retort was a fine ash 
which did not cake. 

Shahpur District : Duma, Lat. 32'' 39'; Long. 72'' 17' 30." — At this 
locality there are five spots wliere tar or asphalt exudations occur on a 
sandy bed not more than 5 feet thick. Four of these spots are situated 
on the Wiidda Duma, within 40 yards of the junction of two streams 
which form it; the fifth, 14 yards above that point, on the Nikka Duma. 
The amount of liquid tar seen at all these places put together did not 
exceed half a gallon in all. Mr. Lyman's repoii: as regards this place 
was unfavorable, and be discouraged the idea that boring would increase 
the yield to a profitable extent. He compares the extent of the deposit 
to that of the small beds of lignite which consist of the mineralised 
remains of a few plants. Duma is 3^ miles north of Kabuki and 77 
miles south-west by south of Rawalpindi. 
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CiiiNNUii^ Lat. 32"' 37' 30''; Long. 6 %"" 12'. — The tar at this locality 
ihjsiies at three spot, — soue in a limestone, the others in brownish grey 
sandstone. At tlie most eastern of these there was only about a tea- 
8])oonful of tar ; at the middle, half a pint ; and at the western, the merest 
trace of sen in. 

^J’lie deposits from wlience these exudations are derived do not, in Mr. 
Lyniari^s opinion, exceed a few feet or perhay)s inches in extent. It would, 
he states, be folly to attemj)t boring. This locality is 83 miles south-west 
of Rawalpindi and 2^ miles north-west of Murdwal. 

Hanguch, Lat. 32° 38' 80"; Long. 72° 14' 30^. — The tar issues from- 
a brownish grey sandstone bed within a few feet of its base, and the two 
s])rings, which are 25 feet distant from one another, come from layers about 
6 feet apart. The one from the upper layer is the larger, hut the whole 
yield of both is hardly a pint. 

As the sandstone which yields it is well exposed at the springs, the 
bituminous matter from which it comes must be of very limited extent. 
It would therefore be unwise to make borings, but the steadiness of the 
dip indicates tlie points where borings should be made were it decided to 
prove the bed at greater depths. This locality is 81 miles west by south 
of Rawalpindi and 2i miles north-west of the village of Dhuddow. 

Jhilam District: Sadiaia. — This locality is only known by 
native report. Mr. Lymaii^s guides failed to point it out to him. The 
amount of tar is said to be small. The position is 90 miles south-east 
of Rawalpindi, 7 miles south-east of Lawa, 4 miles south-east of Nara, 
and 2 miles east of a salt chowki. 

SuLGi, Lat. 32° 30'; Long. 72°. — This locality, which is situated near 
Ami), does not appear to have been visited by Mr. Lyman, but the deposit 
which is described by Mr, Wynne seems to be small and of no com- 
mercial value. Tar was found exuding from a brown tertiary sandstone 
above the nummiilitic limestone, 

Bannu District : Baiia Kutta, Lat. 32* 51’ ; Long. 71° 44'. — There 
are in this vicinity three or four springs within a distance of 60 yards 
along the western bank of the Bara Kutta and at about the water level. 
The oil comes from fissures in a gray limestone rock through a space of 
about loo feet in thickness, and the main spring comes from about 100 
feet below the top of the lime rock. The oil at first is dark green in 
colour, but quickly becomes dark brown or black and tarry. The main 
spring is some 6 feet long and a foot or two wide and quite shallow; the 
others are smaller. 

The natural yield here Mr. Lyman estimated at three pints daily, 
and he considered the locality of sufficient promise to recommend boring ; 
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the bed is continuous with that at Chota Kutta and may possibly be. oil- 
bearing throughout. The dip is steep and reversed, so that to reach the 
bed at 84?0 feet distance, it is estimated that a boring of 1,000 feet deep 
would be required, though a boring close by would traverse the bed for 
200 feet. These springs are situated If miles south of Jaba, lOj miles 
south-east of Kalabagh, and 95 miles south-west by west of Rawalpindi. 

Mr. Blackburn^s recent account, which has been referred to above, is 
as follows. At Jaba there are five springs, in each of which the oil rises 
with the water and is skimmed ofE the pools. A small bore-hole, 4 inches 
in diameter and 12 feet deep, yields about one gallon a day. The total 
yield from this locality was 1,400 gallons in 1880. 

CiiOTA Kutta, — The mode of occurrence here is similar to that above 
described as regards the rock. The fissures from which the oil exudes 
are situated in a thickness of about 100 feet of the limestone rock, and 
the main spring comes from about the centre. There are three oil springs 
on the left or eastern side of the stream near the water ^s edge and a 
fourth on the western side. The oil in the springs rises with water and 
floats upon it. At two or three of the larger springs holes have been 
dug, say a foot and a half across and two feet deep. 

At the main spring gas continually bubbles up. The estimated yield 
is at least three quarts a day. This suggested that borings should be made 
to test these beds. A large quantity of gypsum, which includes some 
sulphur, occurs near the springs. From both these localities, Bara and 
Chota Kutta, the cost of transport for each camel-load to Rawalpindi would 
amount to about Rs. 1-8. Chota Kutta is 1 J miles south by west of 
Jaba, 10 miles south-east of Kalabagh, and 95 miles south-west by west 
of Rawalpindi, Mr. Lyman gives a long list of the authorities who have 
described this locality, 

Basti Algad, Lat. 32° 33' 30" ; Long. 71° 22'.— The locality known 
by the above name is situated 10| miles south of Isa-khel and 124 miles 
south-west by west of Rawalpindi, according to Mr. Lyman, who calls 
it Aluggud. The asphalt deposits are said to extend in spots for about 
a quarter of a mile along the east side of the brook, and amount in all to 
about 350 cubic yards. They are somewhat impure and the quantity accu- 
mulated would weigh about 550 tons. The liquid tar perhaps amounted 
to 100 gallons. As there was no sign of oil except near these deposits, it is 
concluded that the bed is not bituminous for any great distance. It is 
recommended that a boring be made close by, which, owing to the thick- 
ness of the oil-bearing beds, might be expected to prove successful. Mr. 
Lyman thought that the rock containing the oil was of carboniferous age* 
Mr. Wynne ' has, however, identified them as being towards the top of the 
^ Mem., G. S. I.. Vol. XVII, Part II, p. 60 . 
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upper part of the eeratite group and they are therefore triassic. The oil 
or asphalt might be sent down the Indus by boat or up it to Isa-khel> 
and thence by road to Ilawalpindi^ a distance in all of 146^ miles. 

Kohat District: Panoba^ Lat. SS'" 36'; Long. IV 58'. — The 
springs at this locality, three in number, are situated 67 miles due west 
of Rawa]])indi. The oil comes from fissures in a steeply inclined num- 
mulitic limestone. The daily yield from the three is estimated at half a 
gallon. It is more inflammable than the oil at Gunda which is mentioned 
below. Borings are suggested. The distance by road to Rawalpindi is 
87 miles. 

Lieutenant, afterwards Sir Alexander Burnes ^ mentions'the existence 
of petroleum springs near Kohat, the oil from which was used for burning 
by tlic natives. 

Tlieso springs appear to have been visited by Lieutenant Wood'^ when 
on his journey to the Oxus. The oil, which he calls naphtha, issued 
from five springs and yielded, he estimated, five gallons a day. He alludes 
to tlic manufacture of sulphur here. 

Rawalpindi District: Dulla, Lat. 33® 87'; Long. 72® 35'. — At 
this locality, which is situated 38 i miles due west of Rawalpindi, and 
IG miles west-north-west of Futtehjang, there is no licpiid oil exposed, 
the nearest approach being some asphalt melted into tar by the sun^s 
heat. Tlic amount of accumulated asphalt is about half a cubic yard. 
Borings here do not promise success and the inaccessibility of the locality 
is a drawback. The rock containing the bitumen is believed to Ije 
nummulitic limestone, the same as that- at Bara Kutta, &c. 

Jafjr, Lat. 33^ 33'; Long, 72*^ 35'. — Some borings made here 
revealed a trace of oil, but none is now to be seen at the surface. 

Boari, Lat. 33® 34' 30" ; Long. 72® 36' 30". — This locality is 28i 
miles west from Rawalpindi as the crow flies. The quantity of oil seen 
here is insignificant ; there is an accumulation of about six cubic yards of 
aspluilt and some earth saturated with bitumen. The rock, which is 
nummulitic limestone with a steej) dip, appears to he only very locally 
hituminous, and boring is not recommended. The earth would aflbrd a 
scanty supply of oil and gas, but would perhaps not be worth the cost of 
carriage. 

CnuRiiuT, Lat. 33® 35'; Long. 72® 37'. —The oil-well here is situated 
28 miles west of Rawalpindi and 5^ west by north of Futtehjang. 
The rocks arc of nummulitic age. The yield of oil is small. Digging 
operations were carried on in 1869 by Mr. Fenner, and the hole was said 
to yield half a gallon daily. There is an accumulation of about 15 cubic 

‘ .Tour., As. Soc., Bengal, Vol. II, p. 267. 

^ rersoiiiU Narrative, p, IM, 
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yards or 19 tons of impure asphalt. It is not considered likely that 
borings would be successful. 

Gunba OR SuDKAL, Lat. 83'’ 31' 30"; Long. 7^'’ 41'. — These wells 
are situated about 23 miles slightly south of west of Rawalpindi and 2i 
miles north-west of Futtehjang. The rocks here are nummulitic also, 
with considerable accumulations of more recent deposits resting on them. 
Oil-wells were dug here first in 1866 by Mr. Penner, and one of them, 
known as the ^ main well/ yielded at first about five gallons a day ; when 
deepened to 35 feet it yielded at first 25 gallons, and when a boring was 
made to a depth of 75 feet from the surface the first day^s yield was 50 
gallons. Between the 8th of April and 22nd October 1870 the amount 
of oil collected was 1,903 gallons. Mr. Lyman estimated that about 
1,000 gallons more might be expected, after which the yield would be 
insignificant. The amount of asjdialt on the surface was estimated to be 
about 19 tons, which would give about 11,000 cubic feet of gas. Various 
borings were recommended by Mr. Lyman to further develop the yield. 
Mr. Wynne ‘ has also described this locality. 

Mr. Blackburn {in states that at Gunda there are now five 

borings and one well in use. The diameter of the borings is four inches 
and the depths vary from 68 to 120 feet. The oil is obtained by 
passing down dipping tubes, but the process is slow and tedious and the 
yield is small. The quantity obtained in the well is minute, and is got 
by skimming the water every second or third day. The total average 
annual yield now exceeds 2,000 gallons. 

LiiNDiGAti, NEAR Murat, Lat. 33^ 30'; Long. 72'’ 55'. — Here there 
are two spots at a distance of a quarter of a mile from each other ; at one 
earthy asphalt is found, at the other a small quantity of oil. The rooks 
are nummulitic sandstones with a high dip. Boring docs not seem 
likely to yield any large supply, as the bituminous deposits have all the 
appearance, like so many others, of being exceedingly local. 

Basala, Lat. 33^^ 30' 30"; Long. 72'’' 57'. — Ten miles and a half 
soulh-west by south from llawaljundi and one mile and three quarters east 
of Murat. The rocks are probably of the same agcj as those at G unda. The 
yield here is estimated at a gill a day ; the oil rises drop by dro)) througb 
shallow water. Boring is not recommended as the bed of rock at its 
outcrop gives no evidence of the existence of anything but a most limited 
source of this oil. 

CiiiuPAR, Lat. 33^^30' 30"; Long. 72^^ 2'. — Three-quarters of a mile 
south-west of Musrot and eight miles south-west of Rawalpindi ; a sort 


» Records, C;. 8. 1., Vc>L 111, 73. 
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of natural paraffine forms stalactites in a cave on the Chirpar mountain. 
The deposit is too small to justify any expenditure. 

Rata Otuij, eleven miles north-east of Rawalpindi. The rocks are 
nummulitic limestones from fissures in a bed of which the oil issues to 
the extent of half a pint a day or even less. There is about half a ton 
of impure asphalt on the ground. Mr. Lyman, notwithstanding that the 
produce was so small, recommended an experimental boring of not moi-e 
than 100 feet in depth. 

Hazara District. — In the Sen-a mountains, according to Captain 
Abbott, there are three springs, one yielding bitumen, another sulphate 
of iron, and the third a mucilaginous substance resembling the pulp of 
an orange and having a pleasant odour. This is probably paraffine. 
Torches are made of the asphalt, but the use of the other substance was 
not known. 

Kumaun. — Bitumen is said by Captain Herbert^ to exude from the 
crevices in a limestone rock on the summit of the range between the Sarju 
and Ramganga. It is used ])y the natives as a medicine, and from its high 
price it is concluded that it is not abundant. A similar exudation was 
subsequently referred to by Mr. Lawder in a paper on the mineral statis- 
tics of Kumaun. Some remarks were made at the time as to the appro- 
priateness of the term salacity which is the usual name for alum, but hala 
(black) salajity so called in Nepal, is, according to Dr. Campbell, a bitu- 
minous substance. 

Assam. — The petroleum of Assam has attracted notice for many years. 
Hitherto attempts to work it have not been very successful as commercial 
speculations ; but the failure seems to be due to causes other than those 
which could be attributed to any defects in the quality or quantity of 
the substance. The consensus of opinion by geologists, and others com- 
petent to express judgment on the subject, is favourable to the prospect 
of a profitable industry being possible when the means of communication 
shall have been improved, and when other difficulties which have hitherto 
operated prejudicially shall have been removed. Some of these latter 
affect all mining enterprises in India and have been sufficiently alluded to 
elsewhere. 

The occurrence of petroleum in Assam has been most distinctly shown 
to be intimately connected with the presence of coal-bearing rocks. Accord- 
ing to Mr. Mallet there is no recorded instance of petroleum having been 

' Jour., As. Soc., Bengal, Vol. XVI, p. 1137. 

2 As. Res., VoLXVlII,p.230. 

" Ueeords, G. S. 1., Yol. II, p. S9 ; Vol. IV, p. 2. 

^ Jour., As. Soc.., Bengal, Vol. Ill, p. 183. 
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found in Upper Assam save within the limits or in the immediate vicinity 
of the coal-fields. Marsh gas commonly occurs with the petroleum, 
and there appears to be more than chance in the fact of the contiguity of 
saline and petroleum springs. It has been observed to be the case in the 
Punjab and Burma, as well as in Assam. 

For particulars regarding the petroleum of Assam an already pub- 
lished account by Mr. Mallet ^ has been the chief source from which the 
following abstract has been prepared. Mr. Mallet has shown that for 
commercial or leasing purposes the oil-springs, or, as they arc locally called, 

* jfiungs^ may be thus classified : — 

1. Those in the Tipam Hill north of the Billing ; 

2. Those in same range between the Billing and Bisang ; 

3. Those of the Makum coal-field south of the Billing between the 

Birak and Tirap rivers ; 

4. Those to the east of the Tirap. 

SuPKONG IN THE Bari Biiiing. — ^Two petroleum springs were dis- 
covered here near the outcrop of a seam of coal in the year 1825 by 
Lieutenant Wilcox.'^ Neither the coal nor the peti’oleum were used by 
the Singhphus. On the surface of the liquid mud at the springs, green 
petroleum floated. The place was a ^ lick^ much resorted to by cattle and 
wild animals. 

Namrup Pathar. — Several petroleum springs were discovered by 
Major White ^ in 1837 on the Namrup river, in the country of the 
Singhphus. These had been previously unknown to Europeans and were 
not then much used by the inhabitants. In Br. Griffiths^ private 
journals'^ allusion is twice made to these springs. They occur in four 
different places all close to the Pathar, three on the low hill to the south 
and one on the Pathar itself. The discharge varies in quality from a thin 
greenish fluid to a bluish grey opaque one, which is somewhat thick. The 
quantity yielded by the springs of the latter character is considerable ; 
on the surface of all an oleaginous, highly inflammable fluid collects as a 
thin film. 

Namchick Pathar. — Captain Hannay ^ describes the occurrence 
of petroleum close to a coal-seam in this place, near the mouth of 
the Namchick river. White mud-mixed with petroleum is said to be 

^ Mem.,G. S. L, Vol. XII, p. 356. 

2 As. Res., Vol. XVII, p. 416. 

3 Jour., As. Soc., Hengal, Vol. VI, 1837, p. 243. 

'• Calcutta, edited by Dr. J. McClelland, pp. 60, 117. 

* Jour., As, Soc., Bengal, Vol. XIV, p. 81. 
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thrown up in cei’tain basins or pools intermittently and with considerable 
violence. 

Namdang rivet?.. — Petroleum rises in at least two spots in the bank 
of the Namdang river, in the Makum coal-field, a little below its exit 
from the liills. 

Makum, Lat. 27° 15'; Long. 95^ 44'.— In 1865 the petroleum 
springs in the Makum coal-field were visited by Mr. H. B. Medlicott, 
^vho stated that though their discharge was small they were the most 
promising which he had seen, but nothing had then been done to 
facihtate it. The gas was so abundant and so continuously poured forth 
that when lighted it flamed without intermission. This, coupled with 
tlie fact tliat there was no water discharge, led Mr. Medlicott to recom- 
mend boring in order to fairly test the supply. 

This was done in 1867 by Mr. Goodenough, a member of the firm of 
Messrs. Mackillop, Stewart and Co., of Calcutta. Oil was struck at 118 
feet, and it immediately rose 74 feet, or to within 44 feet of the surface. 
About 300 gallons were drawn, after which the yield became irregular; 
altogether about eight holes were put down. The return from No. 5 
hole was as follows : — 


Talle skowiv^jf when the Hows of oil eow^nenced, the time the oil continued 
running j and quantity of oil given. 


Date, J8(!8. 

Commenced 
to run. 

I)«.ys aud honrK 
rurming. 

Gallons per 
day of 

21' hours. 

Rem AUK B. 

luary 8th 

9 k. M. ... 

(I days 16 Iuuub 

630 

Stopped gradually. 

IGth 

11 

13 

1,600 

],6(M) gallons in 12 hours (very strong 
blow). 

17Ui ... 

11 

I*! 

2,100 

3,100 gallons in 14 hours (very strong 
blow). 

sot h 

Midiiijflit 

9 

600 

6(»0 gallons in S> hours. 

21m1 

10 A. M. ... 

20 

4,80 

4, SO gallons iu 20 hours. 

SSrd 

11 

1 day 13 

300 

300 gallons per day (ran slowly). 

27 th 

0-90 „ 

23J .. 

StM) 

Do. do. 

, 2yth . , 1 

0-30 „ 

6 days 16 ,, 

260 

lluuuing very slowly. 

»ru(iry nth ... j 

9 

19 „ 

600 

600 iu 19 hours. 

, 7th 

0 

2 days 

7(»0 


, 131h 

2 1*. M. 

19 „ 

1,400 

In 19 hours 1,100 gallons. 

, lf)th 

9 A. M. ... 

1 day 6 

l,(JOO 

l,(?0u in 30 hours. 

, 27th 

11 

1 » 6 

900 

lu 29 hours. 
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Table sho2oing when the blows of oil commenced^ the time the oil continued 
running^ and quantity of oil given»— conoid. 


Date, 1808. 

Coramonced 
to X'Ull. 

Days and hours 
running. j 

Gallons per 
day of 

24 hours. 

1 Bbmabes. 

March 

2nd 

9-30 A.M. ... 

1 day 6 

hours 

1,700 

j In so hours. 

• f 

7th 

» 

2 days 


3,000 

8,000 in 48 hours. 

*1 

nth 

9 

Iday 11 

!• 

8,600 

In 36 hours, very strong— burst pipOs* 

»> 

Slst 

10 „ 

31 days 28 

II 

600 



May 

Uth ... 

6 r. M. ... 

00 


per day. 

460 

per day. 


^ Valve very little open ; to reduoo 
the flow as much as possible. 

July 

14th 

11-30 A.M. ... 

3 Z2h 

hours 

400 




im.h 

9 ... 

i „ 21 


660 




27th 

1 1*. M. ... 

15 


600 


In 16 hours. 


28th 

10-30 A.M. ... 

3 days 1 

I 

700 

A strong blow. 

August 

8th 

9 » ... 

3 

i» 

600 

In throe hours ; very strong flow. 

91 

nth 

2 P. M. ... 

3 days 10 

II 

1,600 




22n(l 

9-30 A.M. ... 

8 

I* 

400 


In 8 hours. ' 


After this no record was kept nor was the temperature ascertained 
at any time. Mr. Hug’hcs, from a paper by whom* the above facts 
are extracted^ attributes Mr. Gooden on failure to make the industry 
commercially profitable altogether to difficulties connected with transport, 
A sample of this petroleum which was operated upon was black, 
perfectly liquid, and of rather strong odour; specific gravity ’971. 

One thousand parts were sulimitted to distillation, first by the heat 
of a water-bath, but that being insufficient the oil was then heated by 
direct fire. It began to boil at 4f)0^F. — 



fl. 

20 

parts bolow 

600® F. 




2. 

96-5 

between 

500^^ — 625® of sp. gr. 

. 

. -873 


3. 

12fi-5 

»» 

525®-560® „ 


. -882 


4. 

lOO'O 

‘tt 

650^-^575® „ 


. -892 

TS 

Cj 

5. 

193-5 

„ 

675'^— 000® „ 


. ‘900 

6. 

](in-5 

above 

600® ,, 


. -918 

'o 

a 

7. 

KCi-S 

>» " 

> 


. -936 


8. 

160'5 

II 

turned solid on cooling. 



943-0 






There was a small residue of coke. 

» lUjcovds, G. S. I., Vol. VII, p. 55. 
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The first six portions would do for lamp oil, although of raOber highei* 
specific gravity than that of American petroleum. 

Nos. 7 and 8 contain solid paraffine, which can be separated for mak- 
ing into candles, and the liquid oil used for lubricating ; or, after the first 
six portions have been distilled off, the whole of the residue in the retort 
might be used as lubricating oil for machinery. 

In the year 1878 application was made to the Chief Commissioner of 
Assam by a Calcutta firm for a grant in perpetuity or for 99 years of the 
exclusive right to the liquid and solid hydrocarbons in the Jaipur sub- 
division in tlie Lukhimpur district; but although there was much corre- 
spondence on the subject the negotiations appear to have fallen through. 

Hapu or Eabu Boil PuNG. — At this locality, which is said to be on 
the northern side of the Tipam range, the presence of a source of 
petroleum is evidenced by the soil being saturated with bitumen. ^ The 
earthy matter in samples forwarded to Mr. Mallet varied from 35 to 80 
per cent. The mass appears to be of limited extent. 

Chapatoli. — On the western side of the Tipam, near the above- 
named locality, several ^ pungs ^ are indicated on the Revenue Survey 
maps. Mr. Mallet considers it probable that some of these may yield 
petroleum. 

Jaipur, &c., Lat. 27°1^'S0'^; Long. 95°27' 30^ — Close to the 
Hukanjuri path, about two miles from Jaipur, petroleum exudes from the 
banks of a stream below the nine feet seam of coal. Other springs in this 
neighbourhood were mentioned by Colonel Hannay.^ At Nahor Rung, 
which is a quarter of a mile distant, Mr. Goodenough, whose opera- 
tions at Makum have been above described, commenced systematic opera- 
tions in November 1866. In addition to several hand-borings, a Mather 
and Platts^ steam boring machine was worked here and a hole carried 
down to 1 95 feet, but although the presence of gas was proved no suc- 
cessful result ensued. Half a mile further to the eastward, petroleum 
issues from the sub-Himalayan sandstones. 

Disang River, Lat. 27® 8' ; Long. 95® 26'. — There are at least two 
springs in a stream half a mile north of the Disang. Captain Jenkins^ 
mentions that close to the second coal outcrop in the neighbourhood of 
the Disang, there are several small springs of petroleum from which the 
oil flowed into the watercourse, and four or five seers weight were col- 
lected in a few moments by Captain Jenkinses servants. 

Teok River, Lat. 27®; Long. 95° I5', — On the bank of the Teok 
river, near the faulted junction between the sub-Himalayan sandstones 

* .Tour,, As. Soc., Bengal, Vol. VII, p. 1G9. 

^ Coul Commiltee’s Final Iteport, May 18^, p. 115. 
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and the Disang gronp^ there is a spot where the foimier are impregnated 
with petroleum. The coal-measures are believed by Mr. Mallet to be not 
far beneath the surface here. 

Saffiiai Kxver, Lat. 26° 50'; Long. 94° 67'. — On the banks of 
the Saffrai, and in another locality not far from his coal quarry, Mr. Bmce 
has stated that oil springs exist. 

Tieuoaon, Lat. 26° 49' ; Long. 94° 56'. — Three or four miles south 
of Tirugaon petroleum exudes in small quantity from the sub-Himalayan 
sandstones. 

Tiru RiveRj Lat. 26.°47'; Long. 94°54'. — At the head of the Tim 
Mr. Mallet found petroleum oozing from the coal rocks in four or five 
places. Where it is most plentiful it issues from a massive sandstone 
which dips 80° to west 40° north. There is another spring in the same 
band of rock, about 100 yards distant. 

Tel-pung on the Dikhu River, Lat. 26° 44'; Long. 94® 52'. — At 
this locality, according to Mr. Mallet, an inverted bed of sandstone, 
similar to the last, contains inspissated petroleum or asphalt in cracks ; in 
places the rock itself is impregnated with the same. 

In certain spots in the adjacent river globules of petroleum rise to 
the surface at frequent intervals, together with streams of bubbles of 
marsh gas. 

Petroleum and gas issue also from some pyritous and carbonaceous 
shales which overlie the sandstone ; the total thickness of the rocks from 
which they arc given off is more than 100 yards. 

Hil Jan stream, Lat. 26 ®43' ; Long. 94® 5P. — Petroleum slowly 
exudes from between the cracks in the coal of the 2 feet 1 1 inches seam 
in this stream. 

Disai Valley. — L at. 26° 30'; Long. 94° 25'. — Two or three hun- 
dred yards lower down than the 1 foot 4 inches seam in the Disai, petro- 
leum rises from the bed of the stream in small quantity. 

Oachar. — Opposite a place called Siltec, according to Mr. Jones, * a 
stream which runs into the Tippera hills showed signs of petroleum in 
the sandstones 2 miles from its mouth. Siltec is in all probability identi- 
cal with a well-known customs chowki called Sialtekh on the Barak river. 

Mr. H. Inglis,^ about the year 1841, communicated to the Coal Com- 
mittee the fact of the existence of petroleum springs in Cacliar. 

In a letter to the Superintendent of the Geological Survey in the 
year 1861, Captain R. Stewart stated that rock oil had been discovered 
in some hills to the north of Cachar, but the actual locality was not 

^ Gleanings in Science, Vol. I, p. 283. 

* Cal. Jour., Nat. Hist., Vol. I, p. 562, 
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indicated. In Dr. Hunter's statistical account of Assami it is stated 
that ])etroleum has been discovered on the banks of the Bardk and 
Sarang rivers, but no further information is given, nor are there any 
fuller accounts of Cachar petroleum available at present. 

Burma. — Whether it be true or not, as has been stated, that the 
exploitation of the rock oils of Upper Burma has been going on for 
2,000 years, it is certain that for a considerable period there has been an 
unfailing supply from this source. Of late years increased facilities for 
transport and an increased demand have called for a proportionately 
increased outturn, and as the source of supply cannot be inexhaustible, 
the time must come, though it may yet be distant, when the yield having 
reached its maximum will rapidly fall again till it ultimately dwindles 
to nothing. As compared with Upper or Native Burma, to which 
the above remarks refer, the discovery, and still more the working, of 
oil springs in British Burma, except on the very smallest scale, is but in 
its infancy. It is probable, however, that in the islands off the coast of 
Arakan the natives have collected oil to a limited extent for their own 
purposes for a long period, but never for export. 

It has been asserted that the oil of Upper Burma, commonly called 
Rangoon oil, differs essentially in character from that of British Burma, 
Assam, and the Punjab j until comparative chemical examination has 
proved such to be the case it would be unsafe to accept this view. The 
real cause of the apparent difference is believed to be largely due to the 
oxidation and inspissation to which the former is subjected during its 
long journey in earthen pots and sometimes in bidk in open boats. 
When first collected it would appear that it often resembles the clearest 
and most limpid oils of the other localities. Some authors state, how- 
ever, that it has a creamy consistency. Naphtha contains no oxygen, 
while asphalt may include as much as ten per cent. 

In the following pages an abstract is given of all that is known 
regarding the occurrence of petroleum in the Arakan and Pegu Divisions 
of British Burma and in Upper Burma. 

The first shipment from Burma was made in the year 1853^ and in 
1855 a Rangoon firm had a European agent at Ycnan-gyoung in Upper 
Burma, since which time the export trade has much increased. 

Arakan Division. — The existence of naphtha and petroleum in 
Arakan appears to have heen first brought to notice by Mr. Bogle, the 
Commissioner, who in 184U reported to the Coal and Mineral Committee 
the fact that there were several springs at Paidong, about 5 or 6 miles 

* Vol. II, p. 37-0. 

“ Cal. Jour., Nat. Hist., Vol. I, p. 662. 
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from Ramri. Wells had already then been made at three localities to 
depths of from eight to ten fathoms^ and the yield in thi^ee months \yas 
about 10 or 12 maunds of naphtha (so called) . About the same time Cap- 
tain Halstead described the method of collecting oil practised by the 
natives at Cheduba, which he states was only for local use. In the col- 
lecting pools, which had artificially raised banks, a green fluid oil first 
spread itself over the spot where the gas bubbled up. As it extended, 
its edges exhibited a brown curdled substance resembling ^^drippings,''^ and 
a darker brown substance, resembling molasses, collected in patches in 
this. The two latter substances were used for preserving wood, satur- 
ating paper for umbrellas, and sometimes for burning. The curdled sub- 
stance was vsold at the rate of five pots for a ru})ee ; the other at three 
pots for two rupees. Cajitain Halstead points out that the outturn was 
capable of being largely increased. 

In the year 1878 the islands of Ramri, Cheduha, and Baronga 
were visited by Mr. Mallet,^ who has published a very full account of 
the petroleum springs. From his paper the following information and 
the accompanying t ables are extracted. The rocks which arc oil-produc- 
ing, as well as oil-bearing, in Ramri and Chedul)a islands, are lignitiferous 
sandstones, which are believed to be of the same age as those which con- 
tain petroleum in Upper Burma. In the Baronga islands Mr. Mallet 
states that, though the oil is the same in character, there is a marked 
difference in the rocks, as they include neither calcareous nor carbona- 
ceous constituents ; but he considers that rocks of the same character 
as those of Ramri may exist under the sea and contain the original 
source of the oil. The practice of digging wells has been carried on for 
many years by the inhabitants. After the harvest in January, and from 
that time till the rains commence, the villagers have been in the habit 
of collecting the oil. The wells are of two kinds, first those which are 
connected with a natural reservoir and in which the oil, with abundance 
of gas, rises rapidly : secondly, those sunk in saturated rock from which 
the oil slowly trickles. Mr. Mallet considers it possible that a line of 
boiangs sunk at right angles to the direction of the mud volcanos at 
Tsi Chang, near Kyouk Phyu, might strike a spouting reservoir of great 
capacity, as the not unfrerpient fiery eruptions point to the existence of 
a fissure in which gas and probably oil with it is stored up. A 
of the observations by Mr. Mallet is contained in the following tables, 
but by those specially interested reference should be made to his paper, 
which is illustrated by maps of the locality. 

* Jour., As. Soc., Beugal, Vol. X, p. 369. 

2 Records, G. S. 1., Vol. XI, 1878, p. 207. 
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above pool. 

About J mile from Small pool through which gas rises. It is said Gray clunchy 
shore, miles there are other similar pools iu the neigh- shale? 
north-west of hourhood. 

Fhiweroa. 
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The im])oriance of this growing industry seems to justify ihe repro- 
duction in iliis volume of the above details^as also of the following extract 
from tlie same j)a])er — 

The wells in the southern part of the Eastern Baronga^ from which 
Mr. Savage has recently obtained such encouraging results, are sunk in 
gray shale which splits with a rather smooth fracture having a slightly 
niKjtuous feel. The bedding is very nearly vei-ticah It ap])ears from the 
official correspondence on the subject that Mr. Savage dug two wells 
about 500 feet apart, and then commenced boring. On the ii5th of Feb- 
ruary he struck oil in one well at a depth of 06 feet ; the oil at once rose 
in the well ... to a height of four feet;’’ it kept at this level for about 
seven days, and in that time yielded, Mr. Savage thinks, 1,000 gallons 
a day ; since then the oil has remained in the bore-hole a few feet below 
the bottom of the well, and 1^0 gallons or more a day can be dipped out 
with a dipper. A great deal of the oil escaped from the well through 
fissures.^^ The well at its mouth was some 15 feet in diameter, and 
had been dug with those dimensions to a depth of some 30 feet. Here 
boring commenced, and had been carried to a depth of 36 feet only, when 
the workmen wei’e surprised and terrified by a sudden outburst of gas 
and oil, accompanied by loiu subterraneous sounds as of distant thunder. 
They had only time to mui * their escape up the ladders of the well 
before the oil and gas poiu ‘d in quantities that would otherwise 
have made their position a very perilous one.^^ Four days after Mr. 
Savage struck oil in the second well at a depth of 68 feet under similar 
circumstances, but tlie gas aj)pcared stronger, making a great noise. 
About 150 gallons a day can l>e dipped out of this well. The oil is clear 
and liquid ; large quantities of gas continually escape not only in these 
wells, but in all other wells of small deptli which are in the locality,^^ 

In the Administration Report of British Burma for 1879-80 it 
is stated that these operations were being carried on under competent 
professional management and with the best machinery, and it was antici- 
pated that an important staple would in consequence be added to the 
productions of Arakan. 

A company has recently been projected to work the wells at Menbain, 
in Ramri. Eight wells are being sunk, aiid it is estimated, according 
to the prospectus, that ibesc will yield 200 barrels of oil per diem. The 
nasbiiig point of the oil in its crude condition is It is j^roposed 

to dis])ose of it at first in this state, the question of refining being left 
ier future determination. 

Pegu Divison. — In the Pegu division of British Burma petroleum 
is known to exist in )»oth the Promo and Tliayetmyo districts. Tlio 
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principal source of information on this subject is contained in Mr. Theo- 
bald^s memoir on the Geolog'y of Pe^u. * 

Prome District: Namayan, below Piiome, Lat. 18*^ 45'; Long*. 
95® 18'. -^Petrol cum has been reported to have been found in the 
hills south-east of the above-named locality. Mr. Theobald was unable 
to corroborate the report after a visit, but thought it possible that petro- 
leum might have been found rising up through the younger tertiary 
rocks on the east bank of the Irawadi. At the same time he considers 
efforts to discover profitable sources of petroleum should be directed 
rather to the west bank of the river, as on that side alone do nummulitic 
rocks occur, and these, it is believed, contain the sources of oil in 
other parts of Burma, and, as has already been stated, probably also in 
the majority of the localities in Assam, the Punjab, and Afghanistan. 

Ybnan-doung, Lat. 18*^; Long. Gh"' 12'. — At this locality, which 
is 12 miles south-west of Myanoung, a shaft was sunk and the existence 
of petroleum is testified to by Mr. W. T. Blanford. When visited by Mr. 
Theobald none was to be seen, but there was a copious evolution of marsh 
gas from some cracks in the soil close by. The word Yenan is Burmese 
for petroleum. 

Toungboji, Lat. 18° 50'; Long. 95° 8'. — This locality is situated 
Hi miles due west of Prome pagoda and 3 miles from a village 
bearing the above name, on a stream called Malm-chowng, which falls 
into the Booyoo. In the British Burma Gazetteer^^ the locality is stated 
to be included in the Padoung township. It is within the area occupied 
by the nummulitic rocks. 

When visited by Mr. Theobald in 1871 ^ only one out of four shafts 
which had been sunk had been successful. This had yielded 2i viss 
(nearly 1 gallon) of oil a day at the depth of 35 cubits till it became filled 
with water by the rains and the supply ceased ; subsequently, on the well 
being emptied and re-opened the flow again commenced. The specific 
gravity of the oil from this locality is stated to be higher than that 
from the next locality, Padouk-beng, they being respectively *909 and 
•847. 

Thayetmyo District : Padouk-beng,'^ Lat. 19^ 18' Long. 95° 20'. — 
At this village, which lies about 7 miles in a straight line west by 
north of Thayetmyo, the rocks are earthy bluish sandstones and shales 
of the newer tertiary series, with low dips. Several shafts were sunk 

* Mom., G. S. L, Vol X, p. 158, 

2 A full account of Mr. Tlioolnild’s opinion and observations on this locality will be 
found ill the Indian Economist, Vol, 111, 101, 

3 Or lAidouk-bcn. 
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and a small quantity of oil was obtained at 12 feet from th(‘ surface, 
but as this did not increase on their being deepened the work was 
abandoned. 

Bhanbyeng,* Lat. 19° 24'; Long. 95° 6'. — This locality is situated 
on the Pwon stream, a tributary of the Irawadi, and at a distance 
by road of 1 6 miles from Thayetmyo. 

The main shaft here, according to Mr. Theobald, is situated about 
a mile above Bhanbyeng in a most precarious position on the bank of the 
stream, which is there undercut. Petroleum fills some joints and cracks 
just above the shaft. A small sketch of the relations of the rocks shows 
that it was sunk on the flank of an anticlinal. 

According to the Gazetteer of Burma, the oil from this locality was 
clear, unlike both that of Tipper Burma and of Padouk-beng. The 
su[)ply appears to have been small. Successive reports on the admin- 
istration of British Burma give rather conflicting accounts as to the 
amount of success obtained by those firms who prospected for oil in 
Thjiyetmyo. It is believed that nothing is being done in the way of 
exploitation either there or in Prorne at present. 

Upper Burma. — The earlier riccounts appear to refer to only one 
neighbourhood, that of Yenan-gyoung, as yielding petroleum. Two groups 
of wells, at a distance of about two miles apart, are indeed spoken of ; but 
it is only in more recent accounts that mention of a second locality. 
Pagan, is made. If it was then worked it does not appear to have been 
known even in the time of Colonel Phayre's mission to Ava, as Colonel 
Yule expressly mentions that the party could hear of no other wells than 
those described by himself and Di\ Oldham. He alludes, however, to 
a statement by Mr. Crawford that the wells extended over an area of 
16 miles. 

The name Yenan-gyoung is written as it is spelt by Colonel Yule, but 
there is little uniformity in the orthography adopted by different authors. 
In Dr. Balfour's Cyclopaedia, under the head of Petroleum, descriptions are 
quoted of the wells at Ranangoong, Rai-nan-ghong, Yenan-gyoung and 
Yuynan-young, and no reader, in so far as the context is concerned, would 
conclude otherwise than that these were four distinct localities. They are, 
however, all one and the same. As already stated, Jenan is Burmese for 
petroleum. 

Yenan-gyoung, Lat. 20° 18' ; Long. 95°— The following account 
is chiefly compiled from Dr. Oldham's report, printed in Colonel Yule's 
^Mission to Ava' in 1855,'-^ and Colonel Yule's own remarks on the 

^ Or Banbyin or Pan-pyeng of map, &c., &c, 

- Loudon : Smith and Elder, 1858, pp. 18 and 316. 
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subject in the same volume. The wells are situated on a plateau surrounded 
by ravines at a distance of about 3 miles from the town of Yenan-gycung. 
They are said by Dr. Oldham to be distributed in two principal groups at 
two miles distance from one another. Colonel Yule states that each 
of these occupies an area of about half a square mile. He alludes to Mr. 
Crawford^s statement that they cover an area of 16 square miles as 
being unintelligible, since repeated enquiry failed to elicit information as 
to the existence of others. It is considered that tlic oil is derived from 
a stratum containing lignite with a large proportion of sulphur ; in one 
of the ravines an outcrop of a bed of this character was seen from which 
oil was oozing. No absolute section of any of the wells could be ob- 
tained, as owing to the loose and friable character of the ground the wells 
were timbered from top to bottom. According to the natives, after passing 
through the sandstones and shales which are visible at the surface they 
sink through a black rock about 10 feet thick, under which is a yellow bed 
from which the petroleum issues, and the colour of which is probably due 
to sulphur. It is believed that these rocks belong to the tertiary forma- 
tion, and it is probable that they are of nummulitic age. The wells are 
about 4 feet 6 inches square and descend vertically from the top of 
the plateau to depths of from 250 to 330 feet, and on the slo])e from 110 
to 180 feet, which would make them from 100 to 200 feet below the level 
of the watercourse at its base. Over each well there is a rude cross-bar 
and drum by which an earthen gkara is lowered and drawn iq) again 
by a man who walks down an inclined plane with the rope to which it is 
attached. The oil thus raised is poured into another ghara containing 
about 10 viss (== 36.^ lbs.); 10 or 12 of these gharas make up a cart- 
load. The oil is raised only in the morning, and the quantity which each 
well is known by experience to yield, on the average, liaving been raised, 
work ceases and the well is allowed to rest and the oil to accummulate 
for 24 hours. The petroleum when first extracted has in mass a peculiar 
yellowish-green colour, is watery in appearance rather than oily, and has the 
consistency of cream. Some of the wells yield 400 viss ; others only 60 
or less. The headman of the village said there were 200 wells ; others only 
100. The estimated average yield was 180 viss.. Taking these figures 
(200>cl80) and counting for 300 working days, the total produce 
would be 10,800,000 viss. Deducting one-twentieth for breakage, loss, 
&X3., the net available produce is placed at 10,260,000 viss ; but by another 
method, founded on the number of cart-loads carried from the wells, 
4,500,000 viss is the sum arrived at. Colonel Yule states, from inform- 
ation received by the Envoy, that there were 80 wells in the northern 
group, with a daily average of 220 viss, which would be equal to an 
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annual production of 6 , 4 ^ 4^000 viss. The 50 wells of the southern 
group yield on the average 40 viss daily, which would be equal to 

780.000 viss annually, making in all 7,154,000. This was about the 
amount stated by the Myok, who was a man of intelligence and had from 
his position the means of knowing. 

The cost of digging a well 150 cubits deep (say 280 feet) is 1,500 to 

2.000 tickals (or say Rs. 1,875 to Rs. 2,500), The work is one of con- 
siderable danger, and the miners are often rendered senseless by the 
exhalations, although when in the petroleum-yielding stratum they only 
remain down for a few seconds. If a man^s tongue hangs out when he is 
drawn to the surface his case is hopeless, otherwise by shampooing he is 
brought round. 

It is no doubt as the result of experience that the Burmese do not 
allow a well to be made within a distance of 30 cubits (say 50 feet) from 
one already existing. From this it may be concluded that the wells are 
capable of drawing from the surrounding strata through an area from 
the centre of the well, which has a radius of about 25 feet. Mr. Lyman, 
acting on American experience, recommended, in the case of the Punjab 
wells, that a distance of at least 50 feet should intervene between wells. 

In a report by Captain Strover, published in the Gazette of India, 
we have perhaps the most recent authentic account of the condition of 
the industry. 

In 1878 there were 150 wells at Yenan-gyoung, which yielded 15,000 
viss daily, of which 10,000 are taken by the contractor for British 
Burma and 5,000 by the contractor for Upper Burma. The total 
annual yield is 6,000,000 viss or 9,375 tons. There are many abandoned 
wells and wells that yield very small quantities. 

There are also 50 wells at Pagan, which yield 1,500 viss. The oil 
there is in a more liquid state and more suited for burning than that at 
Yenan-gyoung. The total annual outturn in Upper Burma was, therefore, 
in 1873, 6,600,000 viss, or 10,312| tons. 

In a paper by Dr. H. Friedlander on ‘ The country of the earth-oil in 
Upper Burma,^ which was printed in Rangoon in 1874, the figures given, 
so far as they go, are somewhat different. At Pagan there are, according 
to him, 70 wells, mostly new and with depths of from 60 to 80 feet. The 
average temperature of the oil was 27*^ C (=:80°6 F.) and the sp.g. 
0*810. It was much mixed with water and smelt strongly of naphtha. 
At Yenan-gyoung the number of wells is said to be 450, and the depth 
averages from 180 to 210 feet. The average temperature of the oil was 
80'’ C (=86° F.) and the sp.g. was 0*862. The difference in the 
depths of the wells is attributed partly to the fact that those at Pagan 
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are in a ravine, while the others are on a plateau ; and partly also to the 
fact that Pagan is on the margin of the basin, while the others are neai*er 
the centre. 

Dr. Fricdlander mentions that an oleiduct was then in course of con- 
struction at Yenan-gyoung ; it is constructed of bamboos with the inside 
lacquered, which are supported on stages and run from the wells to the 
river bank, a great loss of oil by evaporation being inevitable ; but the 
system is a great improvement on the old one of canying the oil in 
earthen g haras on a cart. 

It may be of use to place here side by side tbe most important esti- 
mates as to yield, at tbe same time pointing out that some of the earlier 
ones are certain to be exaggerations, there being reason for believing 
that with the increased demand the yield also has increased. At the same 
time the largest estimate, that by Captain Cox, was arrived at, apparently, 
with considenible care. He states that there were 5^0 wcdls registered by 
Government ; that he was told the average daily yield was 500 viss ; but 
deducting for holidays, &c., he comes to the conelusion tliat 300 viss was 
a fair daily average. Probably the Government register included a large 
proportion of exhausted wells. 


Estimates of the yield from the Petroleum Wells of Upper Burma. 
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The trade in this oilis at present in the hands of Moolla Ibrahim, 
a native of India. Owing to complications in the political relations 
which arose in the year 1879, all his stock, or the greater part of it, was 
sent into British territory. It has recently been stated in the news- 
papers that owing to competition caused by large importations of 
American kerosene, &c., into Burma, this man has applied for and been 
granted by the King a reduction of 50 per cent, in the royalty of 
Ks. 50,000, which he previously had to pay. 

In the published returns of articles which crossed the frontier be- 
fore 1878-79 the petroleum is not distinguished from vegetable oils. 
In nine months of 1855, 6,679,140 lbs. of oil paid duty at Thayet- 
inyo, according to Colonel Yule. In 1 878-79, 57,525 mannds of the value 
of Its. 365,090, and in 1879-80, 108,519 maunds and 34 seers valued at 
Its. 6,14,533 and 8 annas, were imported from Upper into British Burma. 
These figures do not represent the outturn, as a large quantity of oil 
is consumed in the country and exported eastwards. According to 
Major Strover, the contractor for British Burma at Yenan-gyoung 
gets 10,000 out of the daily yield of 15,000 viss, and the contractor for 
Native Burma the remaining 5,000, This docs not refer to the out- 
turn at Pagan, where the daily yield is about 1,500 viss. The chemical 
composition and properties of the so-called Rangoon oil, which though 
coming from Upper Burma acquires the name of the port from which it 
is shipped, has attracted the notice of several chemists in Europe and 
America, and before closing this account it will be well to give here a 
rh?imd from the published accounts of their researches. 

In order of priority the first paper is by Dr. Cliristison of Edinburgh, 
which is dated 1831.' He found it impossible to analyse it by means 
of ordinary chemical rc-agents, and so had recourse to distillation ; the 
first product, when six ounces of petroleum were gently heated, was one 
ounce of straw-coloured naphtha, afterwards other products went over, 
and finally a substance resembling lard with a crystalline structure was 
obtained, for which the name petroline was proposed. Already, however, 
in 1830, Dr. Reichenbach had isolated a substance from tar, to which he 
gave the name paraffine. It was not long, however, before the properties 
of these substances were found to be so nearly identical that the name 
paraffine was universally adopted. 

In the year 1834 Dr. Gregory^ read a paper detailing the results of 
his analyses of Rangoon oils, which he summarised as follow^s 


^ Royal Society's Transactions, EcVmb., Vol. XIII, 1834, p. 118. 

^ Op, cit.y p, 124, abstracted in Jour., As. Soc., Bengal, Vol, IV, p. 628. 
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l«^.-r~Tliere are some kinds of naphtha which contain paraffine and 
eupione, and are consequently the result of destructive distillation. 

2nd , — The naphtha examined by Dr. Reichenbach^ which was oil 
of turpentine, if genuine, differs materially from that of Rangoon and of 
Persia, as well as that sold now in Paris, which are decidedly not oil of 
turpentine. 

3rd , — The fact of the oil of turpentine having been obtained by 
distilling brown coal at 212® pi'oves that it had not previously been 
exposed to a heat sufficient to expel its oil of turpentine, and a fortiori 
that it had never been subjected to destructive distillation. 

It would appear that Dr. Gregory did not realise what is now known 
to be the case that a slow natural distillation, if extended over long 
periods of time, is capable of producing results similar to those from 
quick artificial distillation. He pointed out how invaluable the eu]>iono 
and paraffine would prove for lighting purposes if they could be economi- 
cally extracted locally in Burma from the petroleum. 

In the year 1856 Messrs. Warren De la Rue, Ph.D. F.R.S.,and Hugo 
Muller, Ph. D., made an important contribution to the literature of this 
subject. ^ Although sevcml tons of petroleum were obtained for the 
purpose of the investigation, it was found that even this large quantity 
was insufficient for the complete examination of several constituents, 
which were proved to exist in minute quantities ; some of these were 
organic bases. It was found that 96 per cent, of the constituents, fluid 
and solid, Jire volatile. The latter or paraffine amounts to from 10 to 11 
jx?r cent., but it was found to retain a portion of ihc fluid hydrocarbons 
with much obstinacy. This paraffine was found to be se})arable into two 
portions with different properties but apparently the sanie composition. 

By means of fractional distillations separation of the liquid constitu- 
ents was effected, but no absolutely constant boiling points could be ob- 
tained. It was ascertained that the naphtha contained the following hy- 
drocarbons : Benzol, Cjo ; Toluol, 11^ ; Xyol, ; Cuinol, 

It would be scarcely appropriate in this volume to give further de- 
tails of these researches ; it will be sufficient perhaps to indicate briefly the 
results of the latest enquiries of this nature. These are by Messrs. C. M. 
Warren and F. H. Strover ; the paper is dated 1865.^ The results were 
obtained by the application of a new process of separating the volatile 
hydrocarbons by fractional condensation. Seven isolated pure substances 
were obtained between temperatures of 170'* and 250^; but below 175° 


1 Proedgs., Royal Society, Vol. VTIT, 1856, p. 221. 

3 Meinoirtt of tliu American Academy, New Series, Vol. IX, p. 208. 
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the qiiaiititios of liquid had become so small that no delliiito resulis 
could be obtained. 

The final result was that Burma naphtha contains — 

Butylene = Coo Hoo boiling point at • • • .175'' 
Margarylone = C 03 Hoo „ • • • • lOS'' 

Laurylene =€24 H24 „ »» »» • • • .215° 

Cocmylcne = Coo H24 „ 235^^ 

Naphthalin = Coq Hg 

also^ probably, Pelargone = H^g, boiling at about ISS"", and indica- 
tions of others. 

The importance of such researches cannot be overrated even from 
the economic point of view, as they tend directly towards discoveries of 
possibly enormous value commercially. 

In the year 1866 Dr. Waldie^ reported on specimens of candles and 
earrings from Burma which proved to be made of paraffine. He notices 
that these petroleums resemble the products obtained from coal and 
bituminous shales by slov- distillation as contrasted with the tar and 
gas which result from quick distillation. 

The extraction of paraffine by artificial means involves somewhat com- 
plicated chemical and mechanical manipulation ; but it would seem that 
naturally, under the influence of heat, atmospheric action and water, 
together with, probably, the agt ncy of some of the constituents of the 
soil, the same substance is produ d. Specimens of this natural paraffine 
which had been found on the surface in Burma had been examined by 
Dr. Waldie, proving how really potent feeble chemical agencies are if 
only extended over long periods of time. It is possible that to some 
such action still further extended the diamond owes its oritrin 

tD * 

* Jour., As. Soc., Bengal., 1866, pp. 18, 73. 
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CHAPTER III. 

SULPHURr-MOLYEDENUM— ARSENIC— BTSMTJTH-ANTIMONT-PLATINUM— 

MERCURY. 

— General remarks — Madras — Tlombay — Biilocliistan — Afpflmn istan — run jab — 
Kashmir — North-West Provinces — Nepal— Upper Burma — Barren Island. Molyudk- 
NUM — General remarks. Arsenic — General remarks— North- West Provineos— Upper 
Burma. Bismuth — General remarks — Bengal — Punjab — Nepal- Burma. Anti- 
mony— General remarks — Madras — Hyderabad — Bengal — Rujpntana — Balocbistan— 
Afghanistan — Kashmir— Punjab — Burma. Platinum— General remarks — Madras — 
Bombay — Punjab— Assam — Burma. Mebouey — General remarks — Madras— Afghan* 
istan — Andaman Islands — Aden. 

Sulphur.— Gteneral Remarks. — In India, as in other parts of the 
world, the principal natural sources of sulphur are, firstly, deposits formed 
in connection with hot springs ; and, secondly, deposits which owe their 
origin to active or extinct volcanoes. 

As a general rule the deposits formed by hot springs, active or extinct, 
which contain sulphur, consist principally of gypsum. In the former 
case, since the reaction by which the sulphur is released is in progress a 
continuous, though possibly small, addition to the deposit is going on, and 
thus sufficient for a limited local consumption may annually be produced. 
Where, however, the thermal spring has become extinct, the deposit has 
reached its maximum, and in most cases on being worked speedily 
becomes exhausted. The same remarks apply too, but on a generally 
larger scale, to the deposits formed by active or extinct volcanoes respect- 
ively. 

Sulphur, whether its origin he connected with thermal springs or 
volcanoes, may occur either in the massive or crystalline condition. In 
the latter case the crystals are acute octohedrons or secondaries to that 
form and belong to the trimetric system. 

In combination with several metals sulphur forms sulphides or 
sulphurets, the principal of the ores so formed being pyrite (iron sul- 
phide); pyrrhotite (magnetic iron sulphide); galena (lead sulphide); chal- 
copyrite (iron and copper sulphide) ; cinnabar (mercury sulphide); ar- 
gentite (silver sulphide); stihnite (antimony sulphide). 

On a small scale, under the influence of the atmosphere alone, and 
not necessarily accompanied by or giving rise to hot springs, the decom- 
position of these sulphides sometimes forms deposits of suljihur of 
greater or less extent. In the case of hot springs the production of 
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sulphur is perhaps ^ouerally due to reaction between iron sulphide and 
carbonate of lime, the resulting products being sulphur, gypsum, and 
iron oxide. 

By artificial treatment of these ores, especially pyrite and chalcopy- 
rite, a considerable proportion of the sulphur and all or nearly all the sul- 
phuric acid of commerce are prepared. 

The known sulphur deposits of India are not of great importance, 
as the most considerable arc situated in remote localities which are 
difficult of access. Nearly the whole supply of British India, therefore, 
is imported from foreign countries. The details of the trade arc given 
in Ap])endix A. 

Madras; Godavari District. — Sura-Sany-Yanam {Soorce Baneea- 
num of map.), Lat. 16° 29'; Long. 82° 9' 30'^. — In the vicinity of a 
village of the above name, which is situated between two of the mouths 
of the Godavari, not far from the sea-coast. Dr. Heyne* examined a 
curious deposit of sulphur, the result apj^arently of the decomposition 
of sulphate of lime or gypsum, of which traces were found to exist in 
the water ; but he failed to detect any exhalation of sulphuretted hydro- 
gen gas. The precise locality was a tidal swamp in the dried-uj> margin 
of which the sulphur was colled ed where it occurred in small heaps. 
No information exists as to whether the sulphur was ever collected in 
sufficient abundance to be of commercial importance, and it is probable, 
therefore, that it was not. 

A deposit of crystalline sulphur, recently discovered under Paris, ^ 
owes its origin to. a similar cause, namely, the deoxidisation of the 
gypsum, which occurs in the soil there, by contact with organic refuse. 

Bombay. — Ghizri Bandar, Lat. 24° 48'; Long. 07° 8'. — On the 
Ghizri creek, near Karachi, a deposit of sulphur was discovered in the 
year 1843 by Captain Preedy,’ the Magistrate and Collector. Al- 
though the available amount of sulphur was estimated to be large, a 
sample which was forwarded to the Asiatic Society only weighed 20 
grains. In connection with the sulphur a considerable amount of salt- 
petre was stated to be present. 

Mr. Piddington^s assay of the sample proved that it consisted of 60 
per cent, of sulphur. Whether his very full ijistructions as to the 
manner in which the value of the deposit should be tested were carried out 
does not appear. As nothing more has been heard of this deposit it was 
probably of trifling extent. 

‘ Tracts, London, 1814, p, 187. 

" Nature, 1881, Vol. 23, p. 397. 

^ Jour., As, Sue., Hengnl, Vul. Xll, p. 833. 
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Balochistan. — Sunnkb (Bagh). — A t Simuee, a distance of 40 miles 
from Bagb, in Cutchi, there is a considerable sulphur mine, l-'rom a 
description by Captain Hutton,^ the mining appears to have been 
carried on on a large scale; but in 1839 the lessees paid only Bs. 700 
for the right to mine. 

There are said to be several extensive chambers within this mine, 
to which access is obtained by adits. Into one of these chambers petro- 
leum slowly drips and is collected in a well ; it is employed to mix with 
the refuse of the sulphur workings by which an inferior quality of 
material is made. The pure sulphur is boiled iii oil in order to prepare 
it in the form of commercial brimstone. 

Kandahar used to be, if it is not still, chiefly supplied from these 
mines ; but other mines in Gurmsael and Balkh contributed to the amount 
annually consumed. The price ranged according* to season from about 

to 8 annas per seer. 

C^aptain Hutton mentions Seeree, in the Mari country, as being 
reported to be another source, but he did not know the particulars. Pos- 
sibly it may be identical with the next-mentioned locality, though it is 
not in the Mari country. 

Afghanistan: Soree Pass, Lat. 30° 12' 30'^; Long. 70° 20'. — In 
the Suleiman hills to the west of Dcra Ghazi Khan sulphur is manu- 
factured by the natives in some abundance. The exact locality is near a 
hot spring called Pir Zinda in the Soree Pass. 

Specimens of the crude ore and manufactured sulphur were brought 
to Dera Ghazi Khan.'*^ The former consisted of amorphous gyj^sum 
with strings and veins of sulphur running through it. The tribes called 
Kusranis and Bozdars manufacture the sulphur from this by means of a 
simple retort formed of two gharaSy one being placed on a lire and the 
other inverted upon it mouth to mouth so as to catch the fumes. The 
occurrence of this sulphur is evidently connected with the presence of the 
above-mentioned hot spring. 

Hazara. — Captain Drummond, in his account of the mineral resources 
of Northern Afghanistan,^ mentions the bare fact that sulphur is obtained 
in Hazara, where it is said to occur in vast quantity. 

Punjab : Kohat District.— Gunjully Hills, Lat. 39° 25' 30"; 
Long. 71° 48.' — Certain pyritiferous alum shales, of probably num- 
mulitic uge, form the southern flanks of the above-named hills in the 
Kohat district. They are described by Mr. Wynne, who states that 

* Cal. Jour,, Nab. Histy., Vol. VI, 1846, p. 664. 

2 Records, O. S. I.. Vol. VII, p.l68. 

» Jour., As. Roc., Bengal, Vol. X, 1841, pp. 92, 93. 

Mem., G. S. I., Vol. XI, pp, 204, 293. 
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they were burrowed into formerly in the search for sulphur, of which 
it is reported that 1,000 tons used to be annually manufactured. 

Although on the particular spot where the pits are situated the best 
l)art of the deposit may have been exhausted, it is considered by the 
same authority that there is no reason for doubting its extension beneath 
the neighbouring debris. 

The deposition of sulphur is evidently still in progress, as the whole 
place emits sulphurous fumes and native sulphur occurs on the sides of 
email cracks in the shales. 

Mr. Wynne expresses astonishment at these deposits not being 
worked at present for the gunpowder factory at Lachi. 

Luni-ki-Kussi, Lat. 33'^ 36‘ 30"; Long. 72° 2' 30.'' — The sul- 
phur pits at this locality are described by Mr. B. S. Lyman, ^ who 
states that they are on the west side of the Indus, about two miles 
north-east of Churlu-ki-Mishuk and a mile south-west of Dundi. 

Sul])hur used to be obtained by roasting the loose earth. The 
tradition of the neighbourhood points to there having been a large sup- 
ply, though none is actually exposed on the surface. Asphalt, gypsum, 
and salt are all found in small quantities close by. 

Nakband or Kushalgauh, Lat. 83° 2S' 30"; Long. 71° 57' 30". — 
This locality, situated on the Indus between Attock and Kalabagh, and 
8 miles from the mouth of the Kohat river, is described'-^ as yielding 
sulphur in considerable quantity, works having been set up there by the 
Maharaja of Kashmir. 

In three years 1,000 Lahori maundsof sulphur are said to have been 
extracted here for the manufacture of gunpowder for the Sikh army and 
sold at the rate of Rs. 6 a maund. The mines are reported to be from 
80 to 40 feet deep. The process of extraction by sublimation which is 
practised here is similar to that already described. 

Sulphur is also said to occur at Gumbat and near Panoba, 4 miles 
from Shadepur on the Indus, both also in the district of Kohat. ^ 

Bannu District: Jaba, Lat. 32® 52' ; Long. 71° 45'. — Sulphur asso- 
ciated with petroleum occurs, according to Dr. Plemming,'^ in no great 
abundance south of the Indus, about 14 miles from Kalabagh. This 
appears to be identical with Jaba mentioned by Mr. Baden-Powell^ as 

' Report on Oil Lands, Lahore, 1870, Supplement, p. 1, 

- Punjab Products, Vol. I, p. 20. 

^ Vide Wood’s Journey to the Oxus, i>. 144<. B. S. Lyrnan. Report on Oil La mis : 

Lahore, 1870, Supplement, p. Hi. 

^ Jour., As. Soc.. Bengal, Vol. XVII, Part II, p. 517. 

^ X^unjab Products, Vol. 1, p. 20. 
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a locality yielding* a trifling* amount of sulphur and not the Jaha in 
Shahpur. The Maharaja Gulah Singh closed the works there as they 
proved to be unprofitable. 

Mr, Wynne* considers that none of the sulphur deposits of the Salt- 
range, east of the Indus, are of any substantial economic value. 

Simla District. — A cake of sulphur from Jeiira, near Simla, was 
exhibited at the Punjab Exhibition, but the available amount does not 
appear to be of importance. 

Kashmir: Puga, Lat. 33® 17' Long. 78® 25'. — The sulphur 
mines at this locality, which is a valley in Rupshu, situated between Lake 
Chomoririand the Indus, at an elevation of about 14<,50() feet, have been 
visited and described by General Cunningham and Mr. Mallet. ^ 

The matrix is a much cleft and contorted quartz schist, and the 
sulphur is found both between the laminae and in the clefts and fissures ; 
sometimes it is massive, but oftener it lines the walls of the clefts with 
small transparent crystals ; crystals also occur in the massive gypsum 
which is found in the fissures. 

The mines are vertical holes about 8 feet deep, from the bottom 
of which the rock is excavated laterally for about the same length, and 
are afterwards deserted for new sites. Close by there are hot springs, 
which still deposit sulphur, and there can he little doubt that both the 
gy])sum and sulphur in the mines were produced in the same manner. 
Even at present the mines are very hot, indicating that chemical reactions 
are in progress at no great distance. The mines belong to the Maharaja 
of Kashmir. The outturn is said to be from 500 to 600 raaunds. The 
process of manufacture is rude and wasteful in the extreme. 

General Cunningham states that in 1817 the Puga mines were some- 
what neglected owing to sul])hur being more easily obtainable at Chang- 
tbang. The annual outturn be estimated at not more tluin 50 maunds 
at 16 seers each or a sheep^s load. 

North«West Provinces : Kumaun District. — In the beds of the 
Ramgunga and Garjia rivers sulphur is found in the deposits from hot 
springs according to Captain Her]>ert,'*‘ It is said to he there associated 
with carbonate of lime, from which it can be readily sublimed. Such 
an association, though not common, is occasionally found to exist, but 
it may be perhaps that in this case the substance was really the sulphate 
of lime or gypsum. 

• Mom., G. S. I., Vol. XIV, p. 283. 

2 runjab Products, Vol. 1, p. 19. 

® Mom., G. S. I., Vol. V, p. 162. Tlicsc uiincH are also described in Punjab Products, 
Vol. 1, p. 19. 

As. Res., Vol. XVllI, p. 229. 
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It is also found at Munsiari in Northern Kiimaim, according to 
Mr. Lawdci’,* but its abundance there has not been ascertained. 
Apparently unimportant deix)sits occur also in Garhwal. 

Jaunsar District. — In the galleries in the lead mines at Meywar, 
on the Tons river, sulphur occurs in considei*able quantities according to 
Captain Herbert.^ 

Nepal, — Sulphur mines arc known to exist in Nepal but particulars, 
regarding them are not available. In the year 1857 Mr. Hodgson'^ 
reported that owing to want of skill the mines there were not worked 
with profit. 

The imports of sulphur from India at that time were to the value 
of Rs. 6,000 per annum, which at the then prime cost of Ks. 13 amaund 
represented a weight of aliout 16 J tons. 

Upper Burma, — Sulphur not being mentioned in the British 
Burma Gazettcer^^ among the Economic Products of value, it must be 
concluded that it does not occur there in sufficient abundance to be manu- 
factured with profit ; but in Upper Burma, according to Major Strover,'^ 
a considerable quantity is manufactured by the King. The supply of ore 
in the Shan States is stated to be unlimited, but its exact nature is not 
quite clear, as, although it is called a hard metallic pyrites, it is distinctly 
stated not to be iron pyrites. It occurs in tertiary blue clays 12 to 20 
feet below the surface. Dr. Oldham, when at Amarapura, was shown 
some iron pyrites from the Shan States which was said to have been used 
as an ore of sulphur.^ The process of extraction is essentially identical 
with that practised in Balochistan, &c., common earthen vessels being used 
as substitutes for retorts. 

The following is a list of the principal localities where there arc 
factories, with the average outturns 


Mooda Myo N. .... 

3,000 Viss. 

Tsein Goon E. 8. E. 

2,0(K) „ 

Kyoukhoo S. E. 

3,000 „ 

Bawyine, Shan States S. E. . 

6,000 „ 

Dybaycn Myo N. W. .... 

4,000 „ 

l^agan Myo, west bank of Irawadi 

4,000 „ 

Toogtboo Einlay E. S. E. . 

4,000 „ 

Bbamo District 

2,(X)0 „ 

Total 

. 28,000 „ 


j Uccords, a. S. I., Vol. II, p. 88. 

2 As. lies., Vol. XVIII, p. 229. 

^ Sclctions from Records, Bengal Governmeut, No. XXVII, p. 35. 

^ “ Gazette of India/" reprinted in the “ Indian Economist/" Vol. V, 1873> p. 14. 
^ Colonel Yule’s Mission to Ava, p. 347. 
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The annual imix>rts from Yunan arc considerable and European sul- 
phur is obtainable in the bazars at the rate of Rs. 8 per viss. 

Barren Island, Lat. N.; Long. 98“ 54' E. — Barren Island 

is a volcano which, so far as is certainly known, has not been in a state of 
violent eruption since the years about the close of the last and commence- 
ment of the present centuries. Since then it has been visited at long 
intervals and the accounts, with one exception,^ represent it as merely 
pouring forth a greater or loss volume of white smoke from the summit. 

The fissures from which this smoke issues are lined with crystals of 
pure sulphur, and scattered crystals occur with selenite throughout the 
cap of ashes at the summit. 

The possibility of this island yielding sulphur in sufficient abnndanco 
to support an establishment in connection with the convict settlement 
at Port Blair has been discussed both by Dr. A. von Liebeg'^ and the 
present writer.^ 

At present deposition takes place only at the summit, and jcertainly 
not with sufficient rapidity to make it pay to keep an establishment on 
the spot. It is possible that in parts of the cone there may be old depo- 
sits, but they are not likely to be of large extent, and on being exhausted 
they would not be again replenished. 

Had the island any inhabitants who could find other regular means 
of subsistence, some profit might bo derived from thee ollection of this 
sulphur ; but as it has not, there can scarcely be said to be any prospect 
of Barren Island sulphur becoming an article of commerce. 

Molybdenum— General Remarks. — This metal occurs generally 
as the sulphide or molybdenite, and has never been found native ; an oxide 
resulting from the alteration of the sulphide is occasionally found. In 
combination with lead it forms the molybdate of lead, which is the only 
native salt containing it. 

Molybdenite has occasionally been found in small quantities in the 
crystalline or mctamorphic rocks of India, especially in those of Chutia 
Nagpur. Its appearance is so like graphite that it is often mistaken for 
it. Recently samples of it have been brought to the Museum from galena 
mines in Hazaribagh. 

The only use to which molybdenite is put in the arts is in the prepara- 
tion of a blue pigment for pottery-ware. The metal is not employed for 
industrial purposes at present. 

> A number of the Bombay Times for July 1852 is stated to contain nn account of 
it as being then in a very active condition* 

2 Jour., As. Soc., Bengal, Vol, XXIX, p. 8. 

3 Records, G. S. L, Vol. VI, 1873, p, 31 j and Geol. Mag., Doc.,11, Vol. VI, No. I,p,10. 

L 
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Arsenic— General Remarks.-rTThis metal oeeurs native and in 
combination with other metals in various ores. It also occurs in the form 
of sulphides as orpimentand realgar^ and sparingly as an oxide. The last 
is of the same composition as the common white arsenic which is an 
artificial preparation. Within British territory but one locality is known, 
and that vaguely, where an ore of arsenic occurs in sufficient quantity to 
be worked. Elsewhere traces of it have been found in combination with 
ores of antimony, lead, copper, and iron, but in too small quantities to be 
of economic importance. 

During the past four years the average impoiis of arsenic of all 
kinds into British India by sea amounted to 5^ tons, but in the last of 
these only 15 tons are returned. The United Kingdom, Austria, China, 
and Turkey in Asia, besides other countries, contribute to this supply. 

White arsenic, orpiment, and realgar are to be obtained in every 
native bazaar. They are used in Materia Mediea, as pigments, in the 
manufacture of paper which is indestructible by insects, for poisoning wild 
animals, and not iinfrequently in the perpetration of murder ; but for this 
last purpose, being comparatively easy of detection, they are not so well 
suited as some other substances, as has recently been minutely explained 
in an official document published for general instruction. 

North-West Provinces : Munsiaui. — Arsenic in the form of orpi- 
ment or yellow sulphide is said* to occur in the northern part of Kumaun 
at the above-named locality. Small quantities are brought for sale by the 
Bhutias to the Bagesar fair. 

Yellow orpiment reaches India overland from Swat and Kashgar, and 
is to be had from those localities in the Peshawar bazaar. That which 
is sold in Kandahar^ or a portion of it comes from Herat. 

According to Mr. Hodgson^ Nepal does not produce any, but imports 
its supply from India. In 1857 the different varieties imported had a total 
value of 1,400 lls. at K-s. 4 a seer, or, in other words, 700 lbs. weight 
represented the then average amount of consumption in Nepal. 

Burma. — Red and yellow orpiment from Upper Burma is said to 
be commonly sold in British Burma bazaars. An ore of arsenic was re- 
ported by Dr. Heifer to exist on one of the islands of the Mergui 
Archipelago, and other arsenical ores have also been discriminated in 
different parts of Burma. 


» A. Lawder. Records, G. S., I., Vol. IT, p. 88, 

‘ Pinijal) Products, Vol. 1, p. 66. 

^ Cal. .lour., Nat. Hist., Vol. VI, p. 604. 

^ yelectioiis from Records, Bengal Government, No. XXVII, p. SA 
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Bismuth--General Remarks. — This metal occurs both native and 
in combination with other metals, &c. It has many uses in the arts ; 
alloyed with tin and lead it forms soft solder, and is used to take clkhiB 
for stereo types* With tin and lead in the proportion of 8 bismuth, 5 lead, 
and 3 tin it forms ^ fusible metal ^ which melts at a temperature of 
200° F, It also enters into the composition of various medicines, mor- 
dants for calico printing, and pigments for colouring glass and porcelain* 

So far as is known, bismuth does not occur in quantity in any part 
of India, but in different localities traces of it have been ascertained 
to exist in the ores of other metals as follows. 

Bengal : Singbhum District. — ^Traces of bismuth wore met with 
in the copper ores of Siuglibhum.^ 

Punjab : Mundi State. — At Thirri, in the estate of the Raja of 
Mundi, on the borders of Kulu, there is, according to Mr. Calvert, a lode 
of manganese and bismuth ore of small size in a matrix of pink lime- 
stone. Mr. Baden-Powell states that small quantities of bismuth have 
been obtained from Jammu territory, in Kashmir, 

Nepal. — In the account of ihc copper of Nepal in Chapter V the 
analysis of a mineral by Mr. Piddington for which ho proposed the name 
Nepaulite will be found. It will bo seen that this mineral, if the analysis 
be correct, includes a very large percentage of carbonate of bismuth, 8^4^* 8, 
and it might appropriately be called an ore of bismuth, as it therefore 
contains 24*6 per cent, of that metal, while of metallic copper the per- 
centage is only 

Burma. — Traces of bismuth have been found in ores of antimony 
and galena from Burma, 

Antimony— General Remarks. — Owing to the common custom 
of applying the Hindustani term surma, which strictly speaking means 
antimony, to galena, and further, owing to the custom of using powdered 
galena for anointing the eyes, antimony being the substance which is 
properly applicable to that purpose, it is not always easy to determine 
whether writers are referring really to antimony or to lead ore. In some 
eases internal evidence shows that the term ^ antimony*^ is not applicable to 
the mineral described as surma; but in others a doubt cannot fail to be 
felt as to whether the writer is speaking with authority or not. As a 
matter of fact, stibnite or antimony sulphide very commonly occurs in 
association with lead sulphide or galena. In the majority of these cases, 
however, there are only traces present, and as such they have no real 
economic importance. 


’ Records, G. S. I., Vol. Ill, p. 97. 
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Madras : Bellary District.— Antimony, tog^ether with lead, man- 
Iganese, and iron, is said^ to occur in the Sandur hills, but no particulars 
as to its abundance are available. 

Mysore.— Dr. Clarke^ states that antimony was brought to him 
by a native from Baba Boodens, where it was said to be abundant. 

Vizagapatam : Kodur. — At Kodur, ^ miles from Chipurapilly, 
antimony is found and is sold for two annas a pound. Some of it, which 
was exhibited at the Madras Exhibition of 1857, was reported to have 
been of good quality.^ 

Hyderabad : Yenchapali. — At Yenchapnli or Enchinpilly, on the 
Nizam'^s side of the Godavari, several miles below the point where the 
Indravati joins it, Mr. Vanstavern has reported that stibnite^was found 
in a well-sinking at a depth of 34 feet from the surface. 

Bengal : Hazaribagb District. — Hisatu. — In the account of the 
lead ore of this locality will be found an analysis of the galena, from 
which it appears that a sample yielded 17 per cent, of the antimony 
sulphide, the equivalent of which is 4*7 of metallic antimony. There 
was, therefore, more ground for describing this as an antimony mine than 
many other localities. Traces of antimony occur also with the galena of 
the locality near Dhadka, in Maubhum.** 

Rajputana : Ajmir,— Taeagarh. — It is said that antimony occurs 
with the lead ores of this locality which are described in Chapter VI. 

Balochistan : Beyla. — Together with some lead ore, samples of 
antimony ore are said to have been forwarded from Beyla to the Bombay 
Geographical Society by Captain Boyd. 

Sekran. — 111 the Sekran lead mines, which are also described in 
Chapter VI, aniimony is reported to occur. 

Qxjetta, — A mass of pure [?) antimony was shown to Captain 
Drummond,^ which was reported to have been obtained near Quetta; 
possibly it was obtained at the locality to be next mentioned. 

Afghanistan : Killa Abdulla in Pishin. — Stibnite, according to 
Captain Sutton,® occurs abundantly in some of the mountains to the 
northward of Killa Abdulla. It is said to be accompanied by the white 
oxide or valentinite. 


^ Bellary Pistrict Manual, p. 95. 

2 Miulraa Jour, of Lit. and Sci.. Vol. IX (1839), p. 120. 

^ Vizagapatam District Manual, p, 165 ; and Balfour’s Cyclopedia, Art. — Antimony. 
« Kecords, G. S. I., Vol. Ill, p. 75. 

® Jour., As. Soc., Bengal, Vol. X, p. 92. 

6 Idem, Vol. VI, p. 53G. 
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Fuligird. — According to Dr. Lord' a mine of antimony exists on a 
limestone hill west of Fuligird in Glioraband. 

Antimony is said to reach India in some quantity from Kabul and 
Kandahar, but the exact sources are not known ; probably the above 
localities include the principal. A portion^ however, is said to come from 
Bokhara. 

Kashmir. — It seems to be doubtful whether true antimony occurs 
in Kashmir, although a quality of surma superior to that of Shigri was 
said to come from Jamii.^ Ore brought from Rcyasi, in Jainu, proved 
to be galena.^ 

Punjab: Lahul District Shigri. — Mr. Calvert describes^ his 
discovery of an enormous lode containing antimony ores in great abund- 
ance at Shigri. Subsequently, he tells us that Mr. A. G. Young found 
a second smaller lode higher up on the hill-face iii the year IS 72, which 
had, however, been known at an eaidier period, as some mining opera- 
tions had been carried on there by Major Hay 18 years previously. 

The lower lode is stated to be 40 feet wide and to contain 20 feet of 
stibnite or antimony sulphide and the oxides, ccrvanlite and kermesilc, 
which result from its decomposition and form a sort of froth at the 
surface. 

Mr. Calvert, after 18 months^ delay, obtained from Government a 
lease on liberal terms, his intention being to form a company with tlie 
object of shipping the ore, reduced to a regnliis^ at an estimated cost of 
£32 per ton, the value in England being also estimated at £70 per ton. 

Owing to the difficulties presented by the routes this deposit is very 
disadvantageously situated, and no permanent result seems to have 
followed from Mr. Calvert^s projected scheme. 

Mr. Mallet, who visited the locality eight or nine years before, de- 
scribes^ having found loose blocks of the ore close to the liara Shigri 
glacier. These consisted of such pure ore that ho was of opinion that if 
it were abundant it might prolitably be carried three marches and across 
the Hamta Pass (14,500 feet) to the neighbourhood of the forests on the 
south side, where it might be reduced. From these forests to Sultanput, 
the capital of Kulu, there ai'e four marches. 

An analysis of this stibnite by Mr. Tween indicated the presence 
of iron, alumina, lime and chlorine, with traces of copper and arsenic. 

' Cal. Jour., Nat. Hist., Vol. VI, p. 599. 

2 Madras Jour, Lit. and Sci., Vol. XVll, p. 251. 

^ Punjab Products, p. 11. 

'* Kulu, p. 61. 

» Mem., G. S. I., Vol. V, p. 165. 
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Associated with it in small quantity are zine iron pyrites and 

manganiferous carbonate of iron. The rock in which these lodes occur is 
gneiss. 

An earlier published account of this antimony is to be found in the 
Madras Journal of Literature and Science.^^^ M. Marcadieu, who 
visited the mines which were opened by Major Hay, while he ac- 
knowledged the richness of the deposits, expressed an opinion that, 
situated as they were at an elevation of 13,507 feet, no commercial 
benefit could be anticipated from working them. Six distinct lodes 
were said to be tlien visible, and a sample of ore yielded, according 
to Dr. Macnatnara, CO per cent, of pure metal. Major Hay suggested 
that, as the commercial value of antimony for the purposes for which it 
is ordinarily used had somewhat depreciated, it should be employed for 
caunon -balls, for which it was admirably suited; he stated that the 
mines might be worked on a scale sufficient to supply all the magazines in 
Northern India with shot. Major Hay was refunded the actual expenses 
incurred by him in bis researches, but the Government refused to sanc- 
tion bis working the mines, as no material advantage was expected to be 
derived from the undertaking. 

According to Mr. Baden-PowelD specimens of antimony from the 
following districts and localities in the Punjab were contributed to 
the Lahore Exhibition : — 

KanCiRa District, Spiti. — The ore was associated with iron pyrites. 

Hazara District, Bakot. — ^An unimportant deposit, erroneously sup- 
posed to be tin ore. 

Peshawar District, Bajaur.— A good ore valued at Rs. 12 a maund. 

Simla District, Sirmur. 

Dera Ghazi Khan District, said to be from the lower bills* A 
rather doulitful locality considering the nature of the rocks. 

Burma: ftovince of Tenasserim, Amherst District. — Anti- 
mony ore occurs associated with galena in various parts of Tenasserim. 
It was found by Mr. OHliley^ at the sources of the Ataran, and is 
said to be often met with on the mountains that bound the Thoungyeen. 
Captain Foley^ mentions one locality under the name Guangdey 
(Gyaiug). 

Mr, Theobald mentions that no ores of antimony arc worked at 
present in British Burma, but the metal is imported to a small extent 

^ Vol.XVlI,p. 254. 

^ Punjab Products, p. 11, 

^ Mason’s Burma, p. 49 ; and British Burma Gazetteer, Vol. I, p. G5. 

^ Jour., Ab. Soc., Bengal, Vol. V, p. 272. 
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from the Shan States. The principal well-known deposit ih Teoasserim 
is situated near Maulmian. 

Maulmain. — Large quantities of antimony ore are said to have been 
dug out here^ but as there was no sale for it in Calcutta^ operations ceased, 
A number of samples forwarded to the Asiatic Society, by Messrs. Fowle 
and Lonsdale, were reported on by Mr. Piddington. These samples were 
found to contain, in addition to antimony, iron, arsenic, bismuth and 
molybdenum. 

Straits Settlements. — It may be of interest to add that a sample of 
native antimony was received by the Geological Survey^ from the Home 
Department for examination. It was stated to have been found on Pulo 
Obin or Ubin, an island l 3 dng at the east end of Silat Tambran, the 
strait dividing Singapore from the mainland. It contained no trace 
of arsenic or silver, and only slight traces of iron and sulphur. Further 
research did not result in the discovery of any additional samples. 

Borneo : Sarawak. — Recently Mr. Mallet'-^ has met with both 
crystalline and massive senarmontite in a sample of antimony ore from 
Sarawak. This sample consists mainly of native antimony with stibnito, 
but valentinite, cervantite and senarmontite are also present. It is believed 
that this is the first record of the last-mentioned ore of antimony 
having been found in Borneo. 

Platinum. — Platinum seldom, if ever, occurs pure in nature. It is 
usually combined with one or more of the rare metals, iridium, rhodium, 
palladium, or osmium, as is exampliOed by an analysis by Mr. Prinsep, 
which is quoted below ; occasionally, too, either copper or iron or boiii 
are present in the combination. 

Several of the reported instances of the occurrence of platinum 
in India are perhaps open to question. Thus Mr. Piddington doubtfully 
states that a trace of platinum occurred with some gold-dust obtained 
from Midnapur.^ 

Platinum is probably in all cases, where it has been found in India, 
originally derived from metamorphic rocks. It may be mentioned 
here that about 500 pounds weight of platinum is obtained annually in 
Borneo. t 

Madras: Mysore. — According to Mr. Rice''‘ platinum in small 
quantities has been obtained at the gold- was! lings in the Kolar district. 

' Records, G. S. I., Vol. IV, p. 46. 

2 Idem, Yol. XI, p. 260. 

Jour., Ab. Soc., Bciigiil, Vol. XXIV, p. 251. 

* Dana. Manual of Mineralogy, 3rd Edition, 1870, p. 126. 

* Mysore and Coorg Oazetleor, Vol. 1, p. 18, 
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Bombay : Diiapwar District. — In two of his papers Captain 
Newbold^ refers to some particles of what he thought to be platinum as 
occurring with the gold-dust in the washings in the Kappatgode region. 
As elsewhere stated in these pages, native silver has been found there. 

Punjab. — According to Mr. Baden -Powell, 2 in the streams of the 
Indus Valley in the Punjab, where gold is washed for, grains of platinum 
are occasionally found in small quantities ; the gold- seekers call it safeti 
Sana (white gold) and reject it as useless. He adds that it has been 
found in the Tair river, in Jamu territory, and in the Kabul river 
at Naiishcra. Previously, Dr. Fleming,^ in the account of his trip to 
Pind Dadun Khan, &c., as pointed out by Mr. Wynne, stated that in 
s])ite of repeated enquiries from the gold-washers he failed to discover 
that platinum had ever been found. Mr. Wynne subsequently® further 
confirms this. 

Assam. — Some gold sand obtained in the Noa Dihing river, in 
Upper Assam, by Colonels Dalton and Hannay was found by Dr. Oldham 
to contain platinum.^ 

British Burma: Henzai. — Dr. Oldham^ detected a minute particle 
of platinum with some washed gold and tinstone which were obtained 
by Mr. OHlcilly in the streams which fall into the Henzai basin, in the 
Tavoy district of the Tenasserim Division. 

Upper Burma. — In the year 1881 Mr. Charles Lane forwarded to 
the Asiatic Society a button of white metal which had been obtained by 
melting up together some grains obtained iu the gold-washings near 
Ava. Mr. J. Prinsep subjected this button to analysis and obtained the 
following result : — 


riatinum 



, 


. 25 

Gold 

, , 

, 

, 


. 5 

Iridiunri and Osmium 





. 40 

Iron 





. 10 

Arsenic and lead 

Kli odium P 
rulUidium ? 

- 

• 



. 20 


100 


^ .lonr,, Roy. Afj. Soc., Vol. VII, p. 200; and Jour., Ae. Soc., Bengal, Vol. XJV, p. 201. 
" Puiijal) Rroilucts, p. 14. 

.louv., A«. Soc., llcngal, Vol. XVTIl., p. 682. 

‘ Mom., a. S. 1., Vol. XIV, p. 27, 

5 Vol. Wll, p. 05. 

* I(Unn, Vol- 1., p, 01. 

Sol., Roc,, Bengal Goy., No. VI, p, 38. 
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This appears to be the first recorded case of the occurrence of an 
alloy of platinum in Southern Asia.^ 

The examination of a further sample by Mr. Prinsep^ led him after- 
wards to conclude that the ore contained only ‘^0 per cent, of platinum 
and about twice that amount of iridium. The amount of osmium was 
not determined, but, besides the platinum and iridium, the bulk of 
the ore was chiefly oxide of iron. As remarked by Mr. Theobald^ 
the proportion of iridium indicated by these assays is remarkable, and 
a further examination is much to be desired. It is stated that the 
Burmese are capable of manipulating the metal, which, if true, affords 
additional evidence of their well-known skill as metallurgists. 

With reference to the mode of occurrence of this ore Major H. 
Burney^ supplied Mr. Prinsep with the following particulars. 

A good deal of it is brought from some streams which fall into the 
Kyendween river from the west near a town called Kannee. It is said 
to be collected in the following curious manner. The horns of a species 
of wild cow called Tsain {Bos sondaiens), which are covered with a 
velvet coat up to the age of two or three years, are placed in the streams, 
and at the close of the rainy season, when the water subsides, they, 
together with the sand surrounding them, are carefully raised with cloths 
wrapped round them. The horns, it is suggested, cause a concentration 
at these spots of the gold-dust which is brought down by the streams. 
With this gold-dust the grains of platinum ore are found, but it is the 
former alone which is regularly brought into Ava for disposal. 

This use of the horns is also alluded to in another paper, and it is 
said, on the authority of Mr. Lane, that they, with the gold-dust 
adhering to them, are sold for from 12 to 13 tiekals (= £1-12-6 to 
£1-15) a piece. This seems so large a sum that it suggests that the 
story may have arisen from the gold-dust being stored in the horns when 
collected by other means. A good deal of this ore is said to occur in 
the same association with the gold-dust in the streams which fall into the 
Irawadi in the direction of Banman (Bharao.) According to Major 
Strovor^’ platinum is reported to occur also in the Shan States. 

By the Burmese platinum is known as shenihan or shvoaheon^ which 
means white gold. 


^ Gleanings in Science, Vot III, p. 39. 
As. lies., Vol. XVI II, p. 279. 
Records, G. S. I., Vol. VI, p. 95. 

^ Jour,, As. Soc., Bengal, Vol. 1, p. 10. 
Op. ('it., Vol. in, p. 207. 

Indian Economist, V^ol. V, p. 14... 
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Mercury — General Remarks. — ^This mefal occurs both native and 
in combination with other substances. Alloyed with silver it constitutes 
native amalgam. Its most abundant ore is the sulphide or cinnabarj> 
which when in a pure state is the pigment vermilion. From this ore 
the mercury of commerce is chiefly obtained, as the un combined metal 
seldom occurs in any great abundance. The mode of occurrence is some- 
what variable : at Almaden, in Spain, it impregnates vertical strata of 
qiiartzose sandstone which are associated with carbonaceous slates ; in 
the Asturias it occurs in carboniferous strata ; in San Francisco it occurs 
in altered cretaceous strata with which serpentine is associated ; some- 
times the cinnabar is found actually in the serpentine. This point is of 
particular interest in connection with India, since, in the Andaman 
Islands, where, according to an old rumour, mercury has been found, 
rocks of very similar character occur. 

The present production of mercury for the use of the world is said 
to be about 4,000 tons. Its uses in medicine and tbe arts are numerous, 
and most of them are well known. 

Testimony as to the actual occurrence of mercury or quicksilver 
in India is not wanting, but, as will appear in each case quoted below, 
it is defective and unsatisfactory. Still, as the reports have been pub- 
lished, they cannot he safely passed over without reference here. 

Madras: Cannanoue. — In the year 1858 Brigadier Fitzgerald re- 
ported to the Madras Government* the existence of mercury in a bed 
of laterite at Canuanore. It was stated to occur as the pure metal 
in small cells in otherwise solid blocks of laterite. Some excavation of 
the laterite was made in order to test the abundance of the metal, but 
with what final result is not to be found in any available record at 
present. Possibly there was some mistake in the identification of the 
substance. 

Afghanistan: Pia Kisree, Lat. 31° 18'; Long. 62° 18' 30^ — 
According to Captain Hutton ^ mercury is said to occur in Gurmsael 
(Garmsir) at Pir Kisree, where it is dug out of the ground. It consti- 
tutes an article of Materia Medica and sells at Ks. 2 to Its. 3 per tola, 
A report was at one time spread that quicksilver had been found in the 
Bolaii Pass. This proved on enquiry to be true, but the quicksilver, it 
was afterwards ascertained, was from a broken barometer tube. The 
ciiinal)ar used in Baloehistan is said to come from Persia, India, and 
Turkey. 


* Vide Engineers* Journal (Calcutta), Vol, I, p. 377. 

* Cal. Jour., Nut, Hist, Vol. VI, p. 600. 
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Captain Drummond' mentions that a specimen of cinnabar was 
brought to him once by a villager, who stated that he had found it close 
to Sultan pur, near Jellalal)ad, but after an examination of the ground it 
was concluded that it had been dropped there by accident. 

Andaman Islands. — The following statements, especially the two 
last, afford the principal evidence for the mmour that mercury occurs 
in the Andaman Islands. They are given here for what they are worth, 
and that perhaps is not very much. Since the British occupation there 
has been nothing discovered to justify the belief in the existence of 
mercury in the islands, though some enquiries have been set on foot, 
and the natives from different parts have been shown the metal when 
visiting Port Blair, in the hope that they might recognise it as a product 
of their islands, but without success. It is possible that some of them 
might have recognised cinnabar had it been shown to them instead. 
The rocks of the Andamans are, as has been stated when describing the 
coal, sandstones, and shales of early tei^tiary or late cretaceous age with 
intruded volcanic rocks and serpentine. They apparently have a close 
resemblance to the rocks which in California now yield a large proportion 
of the mercury of commerce. 

The Mahomedan travellers of the ninth century, having described an 
island inhabited by a race with the characteristics of the Andamanese 
of the present day, proceed to say : Beyond this is a mountainous yet 
uninhabited island, wliere it is said there are mines of silver ; but as 
it does not lie in the usual track of shipping, many have sought for 
it in vain, though it is remarkable for a mountain called Kashenal. 
It once so happened that a ship sailing in this latitude had sight of the 
mountains and shaped her course for it, and falling in with the land 
sent a boat on shore with hands to cut wood. The men kindled a fire 
and saw silver ^ run from it, which plainly indicated there was a mine 
of this metal in that place ; they shipped, therefore, as much of the 
earth or ore as they thought fit, but as they were proceeding on their 
voyage they met with such a storm that to lighten their ship they 
were under the necessity of throwing all their ore overboard. Since that 
time the mountain has been carefully sought for, but has never again 
been seen.^^^ 

In Hamilton's East Indies/^ quoted by Dr. Mouat, we learn that 
an Andamanese was captured in one of the forays which his countrymen 
were in the habit of making on their more peaceful neighbours in the 

* .Tour., As, Soc., Benpjal, Vol. X, p. 91. 

2 This may possibly allude to the quicksilver mentioned in the foUowing notices. 

3 Harris’s Collection of Voyages and Travels, 
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Nicobars ; he was retained in slavery there. Afterwards he was pur- 
chased by some Mussulmans of Acheen (Sumatra). His master having 
died he was manumitted and allowed to set out on a 4rip to visit his 
country ; this he effected alone in a canoe. Having remained for some 
time with his friends on the Little Andaman, he returned again to the 
Nicobars, bringing with him a quantity of quicksilver, which he reported 
to be abundant. Subsequently he made several voyages to and fro 
and was seen by the narrator in 1694. 

In a list of the useful metals found in India, attached to a letter* 
on the formation of the Museum of Economic Geology for India by 
Captain Tremenhere to H. Torrens, Secretary to the Asiatic Society, 
mention is made of quicksilver as occurring in the Andaman Islands, 
but the authority for the statement is not quoted. 

The red pigment ordinarily used by the natives has been analysed and 
found to be made of oxide of iron ; but those Avho are resident in the 
islands may yet through the instrumentality of the natives be enabled 
to discover cinnabar. If the deposit exist in the Little Andaman and 
there only, its discovery may be a far distant event owing to the noto- 
rious hostility and barbarity of the inhabitants of that island. 

Aden. — Mercury was first found at Aden by Dr. J. P, Malcolmson, 
who communicated the discovery in a letter to the Secjretaiy of the 
Bombay branch of the Royal Asiatic Society. ^ The metal occurred in 
small globules in a cellular mass of lava which was dug out from a 
de])th of 15 feet from the surface at about 200 yards from the beach. 
The discovery is stated to have been a bond Jide one, though some doubt 
was thrown upon it at the time. 

^ natocl 27tl» January 1841. 

" Jour,, As. Soc., Bombay, Vol. I, j). 341. 
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CHAPTER IV. 

GOLD-SILVER. 

OoLD. — General remarlts — Madras — Travancore — Madura — Salem — Malabar — Wynnnd — 
Mysore— Bellary — Hyderabad— Orissa — Bengal— Central Provinces — Rajpntana — 

Bombay — Afghanistan — Punjab — Thibet — North-West Provinces — Nepal — Darjiling 
and Sikkim — Assam — Burma. Silver. — General remarks-— Madras, — Rajpntana — 
Bombay, Burma — Madras — Bengal — Central Provinces — Rewah and Bundelkhand — 
Kajputana — Bombay — Punjab — North-West Provinces — Nepal— Burma. 

Gold-General remarks. — Although the values of all mineral 
deposits are apt to be overrated, not only hy the general public hut also 
by persons possessing a little knowledge of the subject, there is 
perhaps not one of them with regard to which more unsound and falla- 
cious arguments, or what are supposed to be arguments, are applied than 
to gold. 

It is commonly said of countries where gold-bearing sands arc found 
that there must necessarily he some source where the gold occurs 
in abundance. By actual and dearly bought experience, no less than hy 
general considerations, the falsity of this conclusion has over and over 
been demonstrated ; but as it continues to be asserted and ro-assorted to 
this day, it will not be out of place, by way of cautionary prelude to 
what follows, to re-state the grounds upon which the proof that it is an 
error depends. 

There is one point upon which all modern geologists agree, and that 
is that the subacrial degradation and erosion of the surface by the action 
of rain and rivers have been going on in the same maimer as they do 
at present, for an enormously long period of time. Huge valleys have thus 
been scooped out by streams, which, there is reason to believe, were in 
many cases never larger than they are now. A feeble force acting for 
a long time, whether the force be physcial or chemical, is capable of pro- 
ducing results so stupendous that the aid of catastrophes is commonly 
invoked to account for the resultant phenomena. If it be admitted, as 
indeed it must he, that vast masses of materials have been carried down 
by streams, their valleys representing the amount of this kind of 
work which has been done, it cannot be denied that the sifting action 
of such streams would tend to concentrate the heaviest particles in the 
nooks and crannies and carry away the lighter ones ; this is precisely what 
explains an apparent abundance of gold in a virgin stream. The gold 
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may have originally occurred very sparsely disseminated through an 
enormous mass of materials^ hut by the concentrating process which has 
been so long in operation nature has done the heaviest part of the work 
which the gold- washer completes. He soon finds out, as it has been found 
out all over the world, that the amount of gold brought down in a single 
year gives him insignificant returns, and, in time, an area becomes 
practically exhausted as regards its alluvial gold, though in a country like 
India, where a man can live for so small a sum, it is possible to derive a 
subsistence, such as it is, from the washings of a few rivers year after year 
in succession. 

It is a known fact that certain metals occur in solution in sea- 
water, but it does not necessarily follow that it would pay to extract 
them. Similarly, many metals occur very sparsely disseminated in rocks 
and soils. It is a mistake to suppose, for instance, that gold occurs only 
in quartz reefs ; it often exists in minute quantities in schistose and 
other rocks, and, perhaps, in the majority of cases it is either absent or 
only present as a trace even in quartz reefs ; so that the mere presence 
of gold in alluvial deposits does not necessarily prove the existence of a 
rich source. The man who knows that the value of a sovereign is hidden 
at a certain depth beneath the surface, and who thereupon expends an 
equal, not to say a greater, sum in its extraction, is not a wise person. 
The chance of drawing prizes in the mining lottery causes many people 
to do what is still more rash and foolish than that attributed to the 
above imaginary person. 

Gold- washing is at present carried on in some parts of the British 
Islands, and in one particular instance gold is found which is equal in 
value only to a fraction of the pay of the labourers, who, fortunately for 
themselves, have a paymaster at their back. In this washing, which is 
carried on in an enclosed valley in the county of Wicklow, the gold is 
probably not derived from a reef, but from some schists and slates in 
which it is probably very sparsely disseminated. The first washings made 
there in recent times proved the existence of a comparatively large 
amount of gold in the old alluvial deposits, but when it was exhausted 
no more gold was to be found in paying quantities, and no reef was 
ever discovered. 

An idea is prevalent among gold and diamond washers that, after 
a rest, old tailings become again productive in consequence of the growth 
of the gold and diamonds. The explanation of the fact that rewashing 
is sometimes productive is, that, in the majority of cases, under the 
influence of the atmosphere, decomposition and disintegration of envelop- 
ing minerals and hard crusts take place, in consequence of which the 
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diamonds or gold are released from their concealment and appear and 
are collected in the later washings. 

As we know so little about the origin of diamonds, it is impossible to 
speak positively regarding them ; but the possibility of gold becoming 
concentrated in certain spots, and even forming nuggets in alluvial 
deposits, is now pretty generally admitted, being susceptible of a rationab 
chemical explanation, as certain chemical solutions, more especially 
those containing iron sulphate, are capable of holding gold in solution 
to a small extent. When such a solution comes in contact with de- 
composing organic matter it is liable to he deoxidised and iron sulphide 
or pyrites is deposited and with it metallic gold. This process may go 
on for long periods, and by minute increments the gold may be said to 
grow ; of course, if the gold be included in the crystals of iron pyrites and 
the latter be not removed by subsequent oxidation and solution, then no 
actual growth of a nugget can take place; hut there is reason to believe 
that sometimes the gold is deposited free from the entanglement of the 
pyrites. A case of dendritic gold being found on the rotting timber 
of an old shaft has been recorded, and in Australia partially fossilised 
wood has been found in deep leads, under the basalt, with crystals of 
auriferous pyrites attached. Silica, moreover, when in the lialloid condi- 
tion, is known to be, to a small extent, a solvent of gold ; and to this fact, 
where pyrites is not associated, the presence of free gold in quartz veins 
may be attributable. 

Another possible agency in the concentration of metallic gold is the 
action of living plants. . There docs not appear to he any recorded case 
of traces of gold having been found in the tissues of vegetables ; hut 
it is possible that they may be capable of taking up and digesting the 
greater part of the solutions which contain gold, though they reject 
the latter as unsuitable. In this way it is conceivable that nuggets 
may grow by gradual increment, and the possibility being admitted, an 
explanation is afforded of the curious cases which have been recorded, 
one of which will be found in the following pages, of gold nuggets 
having been found enveloped in the roots of plants. Of course some of 
these cases may have beeu due to mere mechanical coincidence, but 
the possibility above alluded to is hut one of many instances of the in- 
fluence which organic life exercises upon inorganic matter. 

Tlie ultimate derivation of most of the gold of Peninsular India is 
doubtless from the quartz reefs which occur traversing the metamorphic 
and suhmetamorphic series of rocks, but there is evidence to show that 
in some parts of the country gold occurs in certain chloritic schists and 
quartzites, and possibly also in some forms of gneiss independently of 
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quartz veins. As to the relative productiveness of the reefs in the* 
different groups or series of metamorphosed rocks, the imperfect evi* 
dence which at present exists is somewhat conflicting. The truth of 
the matter probal>]y is that there is no rule applicable to the whole of 
the country. What may be true in Western Bengal — namely, that in so 
far as the amount of alluvial gold affords a safe guide, the general pro- 
ductiveness of the submetamorphic to the metamorphic rocks is as 2*5 
or to 1 — is not necessarily true of other areas. 

The presence of gold, either as an original deposit or as a detrital 
product from the older rocks, has not as yet been proved in any member 
of the great Yindhyan formation. But in the next succeeding forma- 
tion several of the groups included in the Gondwana system are be- 
lieved to contain detrital gold ; of these the evidence seems clearest in 
the case of the Talchir. It is almost certain, however, that the gold 
obtained in the Godavari and in its tributary near Godalore or Mun- 
gapet is derived from rocks of Kamthi age, and the gold of the Ouli 
river in Talchir in Orissa is derived from sandstones, but whether from 
those of the Barakar or the Kamthi groups is not certainly known, as 
both occur in the river section. It is of course natural that the sedi- 
mentary rocks which first filled the previously existing hollows and 
basins should contain gold as well as the other materials derived from 
the degradation of the older metamorphic rocks, but gold is also pro- 
bably present, though its existence has not yet been proved, in some of 
the still younger groups. 

In so far as Peninsular India is concerned, the only other sources of 
gold are the recent and sub-recent alluvial deposits which rest on the 
metamorphic and sub-metamorphic rocks. Passing to the extra-peninsu- 
lar regions we meet with evidences of the existence of gold in rocks of 
several different periods. In Ladak certain quartz reefs which traverse 
rocks of the carboniferous period are almost certain to be gold-bearing, 
as particular streams which rise within their limits contain auriferous 
sands. In Kandahar gold occurs, as also do some ores of other metals 
in rocks of cretaceous age. Here the deposit is an original one, and 
is connected with the intrusion of trap. 

Lastly, all along the foot of the Himalayas, from west to east, from 
Afghanistan to the frontiers of Assam and Burma, the tertiary rocks 
which flank the bases of the hills, and which occur also in the Salt-range 
and in Assam, south of the Bbramaputra, are more or less auriferous. 
But this gold is all detrital, and was no doubt, in the first instance, 
derived from the crystalline metamorphic rocks of the higher ranges 
which are otherwise known to contain gold. Although it is not incon- 
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ceivable that exceptionally rich leads might occur in some places among 
the Siwalik sandstones, the project to search these rocks for productive 
reefs, of which something has been heard fi'om time to time, could never 
have emanated from any one possessing the slightest knowledge of the 
nature of these deposits. 

Madras. — The gold-fields of Madras have recently attracted so 
much public interest and so large an amount of capital that it will 
doubtless be thought by some readers that they deserve special and 
exceptional treatment in this volume ; but as a matter of fact the 
available information on the subject at the present moment is much less 
extensive than might be supposed, and such will continue to be the case 
until the operations of the companies, now in their infancy, have lasted 
for some years. The time will then have arrived for writing a history 
of British gold-mining in India. It is to bo hoped that the actual 
results which can then he recorded will come up to the high standard 
of success which has been predicted for them. 

The i)ages of the professional mining journals havo during the past 
eighteen mouths abounded with the opinions of experts who have visited 
the properties where gold-bearing reefs occur. And so far as is practi- 
cable these sources of information havo been availed of in the following 
account. Were it possible to give brief sketches of individual properties 
an effort might perhaps within certain limits be made to do so ; but the 
necessary information is not available, and even if it were, what is written 
now would not be up to date six months hence when this volume may 
be expected to appear. Under the circumstances, therefore, it is possible 
to deal with the question only from a general point of view. That the 
industry will itself produce a literature ere long, in which details will be 
given, is to be expected. 

Very interesting are the speculations which have arisen in connection 
with the discovery of ancient mines in these regions. That there were 
formerly large hoards of gold in the possession of the ruling dynasties 
of Southern India has long been known to be the case. Incredible were 
the accounts of the vast amounts of bullion which were carried away 
by the Moslem armies of the fourteenth century, and they were natur- 
ally enough put down as being the product merely of Oriental exaggera- 
tion. Pliny, in A. D. 77, referred to the country of the Narem ^ as con- 
taining numerous mines of gold and silver, and that by the Narea 3 the 
Nairs of Malabar were meant is now an established fact. The probable 
position of these silver mines will be discussed on a future page. Dr. 


eindef quos cl audit mens altissimus Indicorum Capitaliat Mount Abu) 
hujus incolccy alio latere late auri et argenii metalla Nat, Hist., Book VI, Cap. XX, 
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liariiell lias, as the result of bis translation of the Tanjorc temi)le 
inscription, come to the conclusion that in the eleventh century g*old 
existed in extraordinary abundance in Southern India. The arguments 
used by Mr. Eastwick* seem conclusive that the Ophir of Solomon was 
situated on the west coast of India, and that from thence went the 
ivory, apes, peacocks, and gold, all of which could not have been obtained 
fj'om any one country to the west of India. 

Cou])led with the testimony as to the abundance of gold in the 
country which is of a most varied kind, there is to be taken into con- 
sideration the fact that Messrs. Brough Smyth and Oliver Pcglar, as 
well as many others, have described numerous and extensive ancient 
mines, which, though they had not escaped the notice of early explorei*s 
towards the beginning of the century, have now been brought more 
prominently to notice than they ever were before. Gold is known to 
exist in the following provinces and districts of Madras : Travancore, 
Madura, Salem, Malabar, Wynaad, Mysore, and Bellary. Its occurrence 
in Vizagapatam seems to be as yet unproven. 

Travancore State. — The excitement caused by the recent opera- 
tions in the Wynaad has led to attention being directed to adjoining 
areas in Southern India vhere crystalline rocks occur, and in which it 
was thought auriferous reefs might possibly be found. Among these 
areas the Travancore State has to some extent been prospected, and in a 
map lately published by Mr. Wyld of the gold-bearing regions of 
Southern India it is represe nted as an auriferous tract, — upon what 
authority is not stated, but it nay be claimed for this discovery, if true, 
that it is also new. Travancore does not appear in any of the early 
accounts as a gold-producing region, and the trade of the gold-washer 
seems to be there unknown. 

Mr. W'. King has recently'^ reported on the subject to the Travancore 
Government. He states that the so-called quartz reefs of Peermerd 
and the adjoining country are not really reefs, but are the outcrops of 
beds of quartzite including felspar, which run with the gneiss ; only in 
one case is the outcrop sufficiently large to promise a good tonnage of 
stone. Although a close assay has detected traces of gold, the amount 
would not justify the application of the term ^auriferous quartz.^ In the 
Anuamalais Mr. King did not observe any reefs so far as he had examined 
the area, and throughout the northern parts of Travancore he saw nothing 
to justify a hope that regular auriferous rocks would be found. 

A sample from one of these outcrops, which was assayed in Madras, 
was only about two pounds in weight, so that the amount of gold per 

' Gcntleimin’s Magazine, Jan. 1880. 

^ Letter to the Dewan of the Travancore, dated 14tli March 1881. 
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ton — 2 dvvts.^ 1 grain was calculated from the Until a number 

of assays of large samples have been made no safe conclusions can be 
arrived at as to the average amount of gold contained in this quartz 
rock. Mr. King states that an expert was engaged on behalf of one of 
the Gold Companies in exploring the southern part of the province^ and 
that it was expected that the question would soon be settled for that area^ 

Madura District. — In the district of Madura gold is found, ac- 
cording to Mr. J. H. Nelson,* in two localities, namely, in Palakanuth and 
in the sands of the Veigei river. 

Sir W. Ainslie^ states that an auriferous zinc blende was discovered 
in some part of Miwlura by Mr. Mainwaring. 

Palakanuth, Lat. 10"^ 27' 30'^; Long. 77° 50'^. — Gold is washed out of 
the detritus of the granitic rocks which form the Palani hills near Pala- 
kanuth. Water is scarce and the work is carried on in a small way, 
barely affording a subsistence to the washers. The Rev. D. Muzzy^ is 
the original authority for these statements. He suggested deep mining 
in the soil as being likely to give better results. 

Lieutenant Nicolson is said to have seen the gold sands of Poly- 
gonuth, 45 miles from DindiguU; whether by this Palakanuth is in- 
tended is doubtful, since it is only about 12 miles from Dindigul. 

Veigei River, Lat, 10 Long. 78°. — These figures are intended 
merely to afford a rough indication of position, as the exact spot or spots 
on the river where washings take place is not recorded. The gold is 
supposed, like that at Palakanuth, to come from the crysfalline rocks of 
the Palani or Palni hills. The people who search for the gold are called 
Aruppukarans. 

Salem District.— Heyne refers to some gold mines which were at 
Suttergul, near Pangumpilly, in the year 1802. He was prevented from 
visiting them owing to a rebellion. They appear to have been either on 
the borders of Mysore or in the Salem district ; probably the latter, but 
the names are not on modern maps. They were probably not far from 
Royacottah. 

According to Captain Campbell,® gold used to be found at the base of a 
hill called Kanjah Mallia, on the road from Salem to Sankerrydrug. 
After the rains a number of people washed for it in streams. The earn- 
ings of a washer never exceeded eight annas. 

* Madura Manual, page 30. 

2 Matoria Medica of Hindustan : Miidi as, 1813, p. 54. 

Madras Jour, of Lit. and BcL, Vol. XVII, p. 101. 

^ Balfour’s Cyclopedia, Art, — Gold. 

* Tracts, p. 343. 

* Cal. Jour., Nat. Hist., Vol. II, p. 281. 
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Malabar District and the Wynaad. — The Wynaad forms a ter- 
race of mountain-land intermediate in position between the low country of 
Malabar and the lofty plateau of the Nilgiri mountains. It is separated 
into three portions which are locally known as North, South, and South- 
East Wynaad. Although the south-eastern division of the Wynaad, 
in which the principal gold tracts are situated, is now included in the 
Nilgiri district, it will be more convenient here, with reference to the 
earliest notices, to treat of it as belonging to the Malabar district, in 
which it was formerly included. 

Probably the first allusion to the existence of gold in this region since 
the time of Pliny is to be found in the report of a joint commission from 
Bengal and Bombay, which was appointed to report upon the condition of 
the Malabar province in the years 1792-93. Allusion is made in the 
report to the fact that the Raja of Nilambav claimed a royalty on all 
gold found in his territory. In 1793, too, some steps were taken by 
Mr. Duncan, Governor of Bombay, to ascertain the value and extent 
of the gold mines of this region. We next find mention of the fact 
that gold was worked here in Dr. Buchanan^s ' Journey,^ ^ He alludes 
to the existence of gold mines at Malabar in the year 1801, and states 
that a Nair who had the exclusive right to mine paid a small annual 
tribute for the privilege. Owing to the disturbed state of the country 
Dr. Buchanan could not visit the locality. 

In the year 1802 Sir W. Ainslie^ recorded, as elsewhere quoted, 
several localities in India where gold was then known to occur : among 
these Nilambar, the Wynaad, and the sand of the Beypur river at Calicut 
are included. After the lapse of a quarter of a century, or in 1827, Mr. 
S. Youngs placed on record that fine specimens of native gold had been 
found to the west of the Nilgiris in the beds of rivers. 

In 1830 Mr. F. II. Barber was examined before the Lords Com- 
mittee on East Indian affairs.^ He stated that gold was not only 
obtained in Coimbatore but throughout the tract of country lying 
west and south of the Nilgiri and Kunda mountains. He had often wit- 
nessed the process of gold-washing and had bought the gold as it was 
extracted. He estimated the area over which the soil was impregnated 
with gold at 2,000 square miles. The largest nugget he liad seen 
weighed about half a guinea. The persons employed in washing were the 
slaves of the proprietors. He attributed the non-improvement in the 

^ Journey through Mysore, &c., Vol. 1, p. 441. 

® Materia Medica of Hindustan. Madras, 1813, p. 54. 

* Journal, Med. and Phys. Soc. of Calcutta, Vol. IV, p. 48, 

* Evidence oi*dered to be printed, 2nd April 1830. ' 
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method of searching to the jealousy of the proprietors. The Govern- 
ment derived a revenue from assessing the puttu or trays used to wash 
the gold, but he did not know its amount. He was sure that the pro- 
prietors would be willing to sell their lands at such a rate as would make 
it worth the while of people of capital to take it, but the Government 
would not allow Europeans to go into the interior without special permis- 
sion. There were about 100,000 slaves in Malabar ; they were bought 
and sold like cattle, the value of a man being from Rs. 5 to Rs. 20. In 
some cases their sole clothing was a plantain leaf, and their wretched 
appearances suggested baboons rather than men. They were originally 
often kidnapped children, stolen at night from their free parents. 

In 1831 Mr. Sheffield, Collector of Malabar, forwarded a report to 
Government on the localities where gold was known to occur, and on the 
methods of mining practised by the natives. He had previously for 
come time purchased gold from these sources on behalf of the Govern- 
ment. In the same year Lieutenant Nicolson was appointed to prospect 
for gold-fields and also to purchase on behalf of Government. His reports 
were on the whole sanguine as to the extent of the mines and the possibi- 
lity of their being worked profitably by the British, and he suggested that 
stamping-mills with engine power should be set up at Coopal. He 
proposed that a committee should meet there, as a sight of the mines 
would do more than anything he could write to ensure conviction as to 
their value. There are frequent references to the jealousy shown by 
the natives in reference to his researches and enquiries. The Moplahs 
refused to take service under him at Rs. 5 a month, as they said they 
would have to work daily for him while the gold they could find in 
one day sometimes enabled them to live in idleness for a week. At 
Nilambar the mines were worked by Korumba slaves who were subjected 
to horrible cruelties if the gold they found was deficient in quantity. 

The report was accompanied by a map showing the positions of the 
mines, on which it is stated that the largest mines were at Coopal and 
Carembat. After receipt of the Report of a Committee in 1 833, which 
condemned working in the low country of Malabar as a European in- 
dustry, the Governor in Council came to the conclusion that it would be 
inexpedient to work the mines, and Lieutenant Nicolson returned to 
military duty. 

Reports and letters by the Collector of Malabar in 1857 and 1858 
directed attention, after another period of a quarter of a century, to these 
gold mines, which extended for a distance of 30 or 40 miles along the 
western faces of the ghats and also in some places to their summits. 
The taxes payable by the Rajas for the right to mine had fallen into 
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arrears ; apparent!}^ many of the older miners and their descendants had 
migrated to the coffee plantations of the Western Wynaad, 

In the year 1805, according to Mr. Brongh Smyth, among those who 
were attracted to the Wynaad were Mr. H. L. Sterne and Mr. G. E- 
Withers, both of whom had had experience of Australian gold-mining. 
Soon after, the enterprise of Mr. J. W. Minchin led to the erection of 
machinery to crush the quartz at the Skull reef. Other applicants for 
the right to mine on their estates then came forward. It would be im- 
possible in this account to give the details of these earliest efforts to 
put the matter to a practical test or of those which followed in 1875 
and 1876. Their want of success has been fully described by Mr. 
Brough Smyth, Early in 1875 Mr. W. King,* Deputy Superintendent 
of the Geological Survey, visited the Wynaad and soon after his report 
and map were published. 

The principal rocks of the area are granites, gneisses, and other forms 
of metamorphic rocks which are traversed by numerous quartz reefs. 
The gold he describes as occurring originally in the reefs or large lodes 
of quartz, in the leaders or spurs from them, and in the casing rock. In 
the leaders and casing the gold is generally visible, either segregated in 
the interstices of the quartz or included in the pyrites or tlie cubes of the 
same altered into limouite. Invisible gold also occurs with pyrolusite. 
In the reefs the gold is generally fine. 

The quartz reefs are without exception white at the outcrop, so that 
it is impossible to say from a surface inspection whether they are auri- 
ferous or not. This is the case with the skull reef of the Alplia Com- 
pany. The prevailing direction of these reefs is from north-north-west 
to south-south-east, but owing to the irregularity and the occasional flat- 
ness of the underlie it is not always easy to trace them individually, but 
the Monarch reef appeared to be traceable for nine miles. 

Mr. Brough Smithes report on the Wynaad gold-fields gives an account 
of his. explorations during the years 1879 and 1880. In the tract to which 
he gave his particular attention, and which covers 500 square miles, 200 
outcrops, not necessarily distinct reefs, were counted ; they are stated to 
be more numerous, proportionately richer and wider, than in almost any 
portion of Australia. As had previously been pointed out by Mr. King, 
there are no deep leads or accumulations of drifts such as characterise 
the Australian fields. The ancient mines indicate different degrees of 
knowledge in the miner’s art. They consisted of — 1, quarrying on the out- 
crops of veins ; 2, vertical shafts ; 3, adits ; 4, vertical shafts with adits ; 
5, shafts on underlie. Among these the most remarkable are the vertical 

i Kecords, G. S. L, Vol. Vlll, p. 20. 
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shafts ; they are even when in solid quartz sometimes 70 feet deep, with 
smooth and quite plumb sides. What the tools were which enabled the 
miners to produce such work in hard dense quartz no one appears to be 
able to suggest. The fragments of stone obtained from these various 
mines were pounded with hand-mullers, the pounding places being still 
seen, and the pounded stone was then, it is believed, washed in a wooden 
dish and treated with mercury. 

Mr. Brough Smyth compared the present condition of the country to 
an abandoned Australian washing, it being covered over with tailings 
owing to the industry of the Korumbas. Even still, however, streaks of 
fine gold may generally be found on washing a few dishes of the surface 
soil, and in the vicinity of the reefs rather heavy gold is got by sluicing, 
and, if a suitable spot be selected, the native miners will obtain, even by 
their rude methods, sufficient gold to remunerate them for their labour.'^ 

The assays of quartz available at the time, and which had been made 
by himself, by Mr. Tween in the laboratory of the Geological Survey office, 
and by other analysts, numbered 187, of which the following is an 
abstract ; — 


of IlitGF. 

Nu&ruKii OF 8am* 

VLES ASSAYKl) BY 

AvitUAaK Y Ht.l) 
OF OOLl> FEE 
TON. 

Mr B. Smvth 

§ 

"S 

6 

Total. 

OZ. 

dwts. grs. 

Alpha Conipanv’K workH ... 

0 

d 

0 

0 

9 

1(1 

Skull roof workiugs 

7 

10 

17 

3 

3 

10 

VVright’K Irvol 

11 

7 

18 

18 

U 

1 

Priiu'o of Wales’ reef 

6 

n 

0 

0 

3 

12 

tiavoru roof 

13 

] 

11 

0 

18 

21 

Koruinhu roof 

1 

K 

» 

1 

3 

1 

Boar „ 

4 

4 

8 

0 

11 

18 

Hauislado ,, 

1 

4 

6 

0 

6 

13 

Ua-WHon’s „ 

3 

0 

3 

0 

12 

9 

Kanimhaut ,, 

•t 

0 

4 

0 

13 

15 


GO 

40 

90 

2 

13 

2 


Olio oui of I ho 17 cdsoH had no jjrohl 
Out ol' tho IH, two wh-'Wi'd fino spookri 
of gold and ouo assay was lost. 


Out ot tho nino, ono hafl traoos of gold, 
Out of vhc fight, oil!.' had no gold and 
ouf hud few inimitf spn-ks. 

Out of five, ouo had luiuulo particles of 
Kold. 

Out of four, one had specks of gold. 


If from the above an excejitional sample from Wright^s level, which 
gave 2()4tJ oz. per ton, be omitted, and also picked specimens from the 
same workings wliicli gave 25| oz. per ton, we get 88 samples yielding 
an average of 1 oz. 8 dwts. 22 grains per ton. 

As to the qualify of the gold, it has been found to be unequal, tlnit 
from flic soils (alluvial) being finest. 



184 


GEOLOGY OF INDIA—GOLD. f Chap. IV. 


Two samples of surface gold obtained by Mr. King were assayed in 
Calcutta and yielded— 


No. 1. No. 2. 

Gold 93- 90*90 

Silver 7* 8-67 


lOO* 99*57 


The average of six assays of reef gold gave— 

Gold 86*86 

Silver 10*96 

Dross 2*18 


100 * 

Such subjects as the climate, water and timber-supply, &c., ave fully 
dealt with, and also the very important question of mineral rights is 
discussed. Since the Government have taken up this latter the matter is 
now, it is believed, on a more satisfactory footing, they having determined 
to make the terms of the mining leases as simple and liberal as possible. 
It is not proposed to levy an y royalty or other tax on the industry 
for the present, because it is deemed most important to attract capital 
to the gold-fields. The pioneers will have to buy their experience in 
many directions, and it is undesirable that the first ventures should be 
unsuccessful. 

Mr. Brough Smyth, in a special report to Government, discussed the 
cause of failure of the Alpha Company. The machinery and the manage- 
ment were both unsuited to the requirements of an economical system, 
yet, in spite of these, the gold obtained was from 779i tons 2 dwts. 
9 grains and from 32,266 tons 10 dwts. 12 grains per ton. 

In his concluding remarks he speaks with confidence as to the future 
of the industry, and says that failure can only result from want of care 
and forethought as the resources are large. 

The following estimate of the cost of working a company by Mr. 
Jer. Ryan* may prove both interesting and useful. It is stated to be 
based on actual experience, but no means of confirming its accuracy or 
otherwise arc available at present. 

’ ramplilct : Kensington iind Co., London. 
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It being* assumed that a concession of value cannot be now obtained 
at a less cost than £60,000, the following would rei^resent the first yearns 
expenditure 

Price paid for concession £60,000 

Cost of machinery, 100 Stamp-lioads at £200 each . . £20,000 

One year's working expenses £12,000 

Contingencies, law charges, &o £8,000 

Total amount of Capital £100,000 


Taking the value of gold at £3-15 the ounce, the return from 25,000 
tons of stone, containing from 3 to 10 dwts. of gold per ton^ would 
as follows : — 




Total of 
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Value at £346. 
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tion. ‘ 

ProBt. 
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If yield is 3 dwt. per ton. 
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»• $i 

1 1,250 

42,187 


11,876 

30,312 

3031 

„ 10 

$t If 

12,500 

46,876 


11,875 

35,000 

35-00 


Mysore Province.— In the year 1802 Captain Warren,^ then engaged 
in the survey of the eastern frontiers of Mysore, in the Kolar district, 
hearing of a rumour that gold had been found at the Yerra Baterine Hill, 
instituted enquiries which led to the discovery that there were gold-wash- 
ings near the village of Wurigam, the modern Urigam or Ooregaum, and 
actual mining at Marcurpam, the quartz which was taken out being 
pounded into dust by women and then washed. 

An Amildar informed him that Tipu had formerly sent a Brahmin 
to work the mines, but as the cost equalled the outturn they were given 
np. But the rnyats said that this Brahmin had never personally visited 
the mines. He mentions that in 1800 he had been told in the village 
of Cargury, on the Poni-aur, that in prosperous years, when there was an 
ample harvest, grains of gold were sometimes found in the ears of paddy 
growing below a tank. This sounds like a metaphor and suggests chaff. 
Captain Warren regarded it as a fabrication at first, but subsequently, 

1 This sum is arrived at as the average of several estimates of cost— 25,000 tons at 

9 6 if. = £11,876. 

2 Jour., As. Soc., Bengal, Vol III, p. 463. An abstract of this paper is given in the 
Mysore and Coorg Gazetteer, Vol I, p. 34. 
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Ills attention bavin^>' been drawn to the existence of gold at the other 
localities^ he proved its presence here by the aid ot* washers from Wuri- 
gam, and thought there might have been something in the story, 
Paddy^ however^ has not ears like wheat or barley^ and it seems im redible 
that tlie rising plant should be able to carry up grains of gold from the 
soil. It would appear from his descriptions that the laterite is auriferous, 
a very probable contingency where it is of the detrital character. Over an 
extended area, about the Manigatta, Wullur, and Yeldur Hills from 
Budikote to Ramasamudra, Captain Warren proved the presence ol' gold 
in the surface soil and in the beds of rivers. The people who washed 
were Dherus or Pariahs, and he seems to think that agriculture was for 
them a more profitable profession. 

The description of two mines then follows, one at Kembly, 80 feet 
deep and with a gallery of 50 feet ; the other west of Surunpally, which 
was 45 feet deep and 56 feet in extent. It is evident from the sections 
given that these were not in solid rock, but masses of quartz in an ochreous 
matrix were taken out to bo crushed. Heyne alludes to Warren^s 
researches, but speaks of the gold as being only found in small quantities. 
Specimens of gold m sUu from this region appear to have been collected 
from time to time by Captain Arthur, Lieutenant Puckle,^ and Dr. Orr.'-^ 
Owing to accidents in these deep alluvial mines. General Sir Mark 
Cubbin, when Commissioner of Mysore, is said to have prohibited any 
more being sunk. Recently it has been asserted that Tipu had a mint 
for gold coin in the neighbourhood of Ooregaum. If he had, it is 
strange that Captain Warren did not refer to it. 

The recent growth of the gold industry in this province can only be 
gathered, in part, from the following statements in successive Adminis- 
tration Reports. In 1868 it was stated that alluvial gold was occasion- 
ally found near Betmangla, hut in too small quantities to repay labour. 
Ill 1870 it is said tliat washers earn 4 annas a day by washing at the 
foot of the Hcmagiri Hill, in the Huliyurdurga taluk of the Naiididrug 
division. In 187^-73 four pounds weight of gold was found in the 
Betmangla taluk. In 1873-74 six pounds weight of gold was obtained 
in Kolar, and an opinion is expressed that a proper system of working 
would prove the existence of a considerable quantity of gold in certain 
districts. In 1874-75 three pounds weight of gold was obtained in Kolar 
and ilO rupees worth in the Honuali taluk of the Sliimoga district. Per- 
mission to prospect for gold and other metals was granted to Mr. Lavelle 
for three years. Leases for twenty years would be granted to him for blocks 

* Balfour’s Cyclopajdiii, Art, — Gold. 

^ ludian Economist, Vol II, p. 210. 
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not exceeding 2 square miles each in extent^ and ten in number. The re- 
port for 1875-76 states that the terms of the leases had been modified and 
that prospecting was progressing. In 1876-77, the Urigam or Oore- 
gaum Company is referred to as not then having commenced operations. 

In the reports for 1877-78 and 1878-79 there is no information, and 
in the table on mines and quarries the statistics of iron, stone, and g<dd 
are lumped together. In the last report, 1879-80, gold is not alluded to 
except in a similar table, though it is stated that iron and potstone are 
the only minerals worked in the province. 

Some information on the gold of Mysore will be found in the 
Gazetteer of Mysore and Coorg, but most of the facts are derived from 
the sources of information given above. It is stated, however, that 
platinum has been found with the gold in the washings, and that tlio 
experimental crushing of some quartz was reported to have given a return 
of six ounces of gold to the ton. 

It is known that the rocks of Kolar, and probably of the whole of 
Mysore, belong to the metamorphic or crystalline series, but there has 
not yet been any detailed geological survey. It is stated that there are 
numerous quartz reefs, ^ and that 17 tons of quartz crushed on the 
property of one of the companies yielded 2 oz. 8 dwts. of gold per ton, 
the silver alloy in the gold being 7 ^ per cent. 

If this rate of production, or perhaps even half of it, should continue, 
it is possible that those among the half dozen companies which have 
recently been started in Mysore, whose management is good and wliose 
preliminary expenditure has not been too heavy, have a profitable career 
before them. The climate, at the average elevation of 3,800 feet, is 
said to be equal to that at Bangalore ; there is a line of railway close by, 
and labour and water are abundant. 

Bellary District. — Dr. Balfour states that there is a report to tlio 
effect that gold was found in streams near Camvehully, and at a hill 
bearing the name J ageracully, Goodda, &c. 

The Bellary Manual by Mr. J. Kelsall does not, however, contain any 
reference to the real or supposed existence of gold among the minerals 
found in the district. 

Hyderabad or Nizamis Territory. — The occurrence of gold-dust 
in the bed of the Godavari has long been known, and mention of it is 
found in several works published about the beginning of the century.^ 

* Mining Jounnil, Vol. I, 1880, pp. 924, 950. 

2 Cyclopiedia, Art. — Gold. 

3 Oriental Repertory, Vol II, 1808, p, 472 \ and Materia Mcdica of Hindustan, by Sir 
W. Aiiislie, 1813, p. 54. 
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.According^ to Dr. Walker/ there was a gold mine about the year 
1790 near the village of Goodloor or Godalore, near Mungapet^ where 
the Kuramamet and Ramgheer Circars meet, which had been profitably 
worked by the Paluncha Raja. At the time of his visit he could hear 
nothing locally of this mine, but learnt that washing had been carried on 
comparatively recently in the streams which feed the Godavari from 
the south. It was the custom to place bunds across the streams, and 
after the rains had ceased to wash the sand so arrested. The washers 
belonged to a peripatetic race, who were employed b}^ a rich Bania. 
Owing to an excessive rent charged by the Raja, operations ceased and 
had not been resumed. 

In the account on a following page of the gold-washings of the 
Upper Godavari district of the Central Provinces the gold alluded to 
is really brought into the Godavari by streams in Hyderabad territory, 
and in fact this Godalore must have been near to and derived its gold 
from the same sources as Marrigudem (or Man*iguram). As there arc 
no crystalline rocks in the neighbourhood, it is improbable that there 
ever was a real mine here. The gold must have been doul>ly derivative 
from Kamthi rocks, ^ It is perhaps therefore needless to add that gold 
in quantity is not likely to be found at this locality. 

Orissa.— Within the limits of the province of Orissa gold- washing 
is or has been carried on in the Native Stales of Dhenkanal, Keonjhar, 
Pal Lahara, and Talchir. It is a poor pursuit, as in so many other parts 
of the country, but the fact is interesting as affording evidence of the 
existence of gold. 

Dhenkanal Town, Lat. 20® 42' ; Long. 85° 84'. — Mr. Stirling 
alludes to a report that gold is found in some of the streams of Dhen- 
kanal, and in the Statistical Account of Bengal^ washing for it is said to 
take place in them to a small extent. There was no washing going on 
there in the early part of the cold season of 1875-76 when the writer 
passed through the State. The rocks chiefly belong to the older meta- 
morphic series, but there are also some Gondwanas. 

Keonjhar, Lat. 21° 37' 30"; Long. 85° 34' 15".— The evidence 
of gold-washing being practised in Keonjhar is identical with that given 
for Dhenkanal. There is reason for believing that in Keonjhar both 
mctamorphic and sub-mctamorphic rocks occur. 


^ Madras Joiirnal of Lit, and Sci., Vol. XVI, p. 183. 
2 Coiif. Kinj?. W. Mom., G. S. 1., Vol. XVll. 

» As. Uos., Vol. XV, p. 179. 

^ Vol. XIX, p. 203. 
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Lahaua Town, Lat. 21*^ 22^ j Ldng. 85® ir.~In the Bralimiui 
river, where it traverses Pal Lahara, gold-washing is carried on somewhat 
more actively^ than in the abovenamed States. Further north, in the 
bed of the Brahmani, in the Bonai State of Chutia Nagpur, tliere are also 
gold- washings, as will be duly noted on a future page. 

Talchir, Lat, 20^ 57'; Long. 85® 33' 80".— Within the limits of 
the Talchir State gold has been washed for to a small extent in the 
Brahmani and its tributaries, especially in the Tikaria and the Ouli. In 
the former case it is probably directly derived from metamorphic rocks, 
but in the latter it must have a doubly derivative origin since the 
Ouli flows through coal- measure Gondwana rocks, namely, Kamthis and 
Barakars.^ 

Bengal : Midnapnr District. — In the Midnapur district there were 
21 professional gold-w^asbers according to the census returns. There 
is no published record of the actual spots where washing is practised, but 
they must be situated in the beds of the Kasai (Cossye) river and its 
tributaries. Throughout the greater 2 )art of the district deposits of allu- 
vium and laterite prevail, but the older crystalline and the sub- mcl amor- 
phic rocks are exposed on the western frontier which adjoins Manbhura 
and Singbhum. 

In the year 1855 a sample of gold-dust from Midnapur, which was 
forwarded by Lieutenant W. D. Short, Executive Engineer, was exa- 
mined by Mr. Piddington,^ who discovered in it some particles of a 
yellowish-white mineral, which was malleable and tough, would not 
amalgamate with mercury, and was excessively difficult of solution in 
boiling aqua regia, though it certainly contained gold/^ He was inclined 
to believe that it might be a sulphuret of gold, an unknown mineral, but 
thought he detected a trace of platinum. Further and larger specimens 
which he applied for he does not appear to have received. 

Bankura District. — Gold is reported to have been obtained in very 
small quantities in the sands of the Dalkissur at Bankura, and the state- 
ment is not improbably correct. 

The absence of any record as to the occurrence of gold in the 
districts comprised in the Bhagulpur Division is very remarkable, as 
primd facie the character of the geology in several of them would justify 
one in suspecting its presence. 

Chutia Nagpur Province. — The Chutia Nagpur Province includes 
the greater portion of the hilly region on the south-west frontier of 

l Jour., As. Soc., Bengal, Vol. VlII, p. 1058; Mem., G. 3, 1., Vol. I, p. 88. 

^ Ij. c» 

3 Jour,, As. 8oc., Bengal, Vol. XXIV, p, 250. 
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Bengal. It is sub-divided into the following four British districts and 
seven tributary States : Hazaribagh, Manbhum^ Singhbhum, Lohardaga : 
Bonai, Chang Bhakar^ Gangpur, Jashpur, Korea, Sirguja, and Udepur. 
From the characters of the rocks found in each of these sub-divisions re- 
spectively, it is not improbable that gold occurs in all of them. Whether 
because it is less abundant in some, as is probable, or because it has 
never been properly searched for, the fact is certain that in others there is 
a grcjiter attraction for the indigenous gold- seekers. Judged by this 
standard, which is the only one at present available, the richest tracts are 
situated in Manbhum, Singhbhum, Gangpur, Jashpur, and Udaipur. 

That these, or some of them, may yet be the scene of extensive 
operations, should the gold-mining in Soutliern India be successful, is very 
possible. The indications afforded by the alluvial deposits, of sources of 
gold existing in the rocks over several large areas, are perhaps quite as 
striking in their way as those which have led to the starting of the gold- 
mining industry in Southern India. Quartz or reef mining and crushing, 
however, can scarcely be said to have been tried in this area, but one 
solitary and not very extensive attempt having been made. 

Hazaribagh District. — There does not appear to he any published 
record of gold having been found in this area, and properly speaking it 
ought not to be included in this list. But it is impossible not to believe 
that properly conducted operations would reveal its presence, 

Manbhum District. — The localities where gold-bearing sands exist 
in Manbhum are very numerous; indeed, in the southern half of the 
district there are probably few streams in which gold, if searched for, 
would not be found. 

By the systematic application of the operations of two gold- washers 
during a period of three months throughout this southern tract, the 
writer* was enabled to define the area in which the gold was most abun- 
dant. This result not only agreed with the traditional knowledge possess- 
ed by the gold-washers, but it was found that the area in which gold 
was comparatively most abundant corresponded precisely with a tract in 
which a particular series of rocks occurred. These rocks, consisting 
chiefly of magnesian and mica schists, slates, and quartzites, are included 
in the sub-metamorphic series ; but although gold was most abundant in 
the superficial deposits within this area, those of the other portions of the 
district, where metamorphic rocks are alone present, did not prove quite 
barren ; in fact, the largest piece of gold found, and which weighed U9 
grains, was obtained in deposits derived from granitic gneiss rocks near 
the village of Bhagmundi. 


‘ Uecords, G. S. I., Vul. I, I860. 
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The boundary between these two formations has an cast to west 
course, which roughly corresponds to the position of tlie 28° 5' parallel 
of north latitude. Otherwise, and more nearly, it may be said to coin- 
cide with a line drawn from Simlapal on the east through Bara Bazaar 
to a point a little north of Ichagarh on the west, and so on into the 
Cliutia Nagpur highlands. South of this line the sub-metamorphic 
rocks almost exclusively prevail, and beyond the Manbhum frontiers they 
continue into Singhbhum aad Lohardaga, where they maintain the same 
characters as regards their comparative richness in gold. 

During the period above alluded to a record was kept of the daily 
results and of the nature of tlie rocks in which the wasliings were 
made. The following abstract will suffice for comparison of the pro- 
ductiveness of the two formations : — 

Sub-met AMORP iiTC Rocks. 
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Metamoepiiic 

Rocks. 
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Comparing the results by the number of successful days first, wc 
may say that for gold-producing the sub-metamorphic rocks are to the 
mctamorphics as (100 — 13*6~)86’4to (100 — 66=) 34=2*5 : 1; com- 
paring by daily average, the proportions become *49 : *16 = q. p. 3 : 1. 
We may therefore conclude that the sub-metamorphics are between two 
and a half and three times as productive of gold as the metamorphics, so 
that as the gold-washers only find a subsistence from washing in the 
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Bub-mctamorphic area, it is obvious that it would not pay them to work 
in that occupied by the metaraorphics. 

The actual amount of gold found was, it will be observed, very small, 
but the washers were often working on strange ground ; and moreover 
they generally had to make a march of some miles before arriving at the 
scene of their operations, to which must be added also that their days^ 
wage being certain, they generally contented themselves with a very 
limited amount of physical exertion. 

The rivers which contain most gold in this area arc the Subanarckha 
and its tributaries, the Karkari and Bamni, on the west of the area, 
and the Kasai and its tributaries, the Tutko and Kowari, on the east. 
Besides these, many of the streams in the neighbourhood of the Dalma 
hill range and in the Supur pargana might be enumerated. 

In Supur, near the village of Namra, Lat. 54' 30" ; Long. 86® 86', 
there is an excavation supposed to have been a gold mine, and it is so 
indicated on the map. The natives had some rather vague tradition of 
images of gold and silver bulls having been found there. Close by, gold 
is said to be found in scrapings from the roads which are washed on a 
small scale by the Dhora^ or Dokhras (= Jhoras) during the rains. 

Gold- washing was tried by a European a few years ago on the Kar- 
kari riyer, near Ichagarh, Lat. 23® 2' 15', Long. 86,° the chief town of 
Patkum, but with what measure of success is not known. The j^roccss of 
gold-washing in practice in Manbhum is identical with that in Singh- 
bhum, and need not, therefore, be separately described. 

Singhbhum District. — In Singhbhum gold occurs in very much the 
same manner as it does in Manbhum, the gold-bearing rocks being in 
unbroken connection throughout and forming one united tract, with this 
difference, that in Singhbhum, so far as is certainly known, the sub-meta- 
morphic rocks alone contain gold. These rocks surround a trap-tra- 
versed area of old granitic gneisses, which are probably older than the 
general metamorphic rocks of Manbhum ; these latter are also repre- 
sented in the western highlands of Singhbhum, where they, too, are 
possibly auriferous, but to a less extent than the sub-metamorphics. 

In Manbbum quartz reefs are not abundant in the sub-metamorphic 
rocks, and the washings seemed to point to the magnesian schists, and 
certain bluish quartzites as being the sources of the gold. In Singhbhum, 
especially to the north and west of Chaibassa, quartz reefs are abun- 
dant in some earthy shales and slates, and it seems probable that they may 
prove to contain gold. The only nugget seen by the writer in Singh- 
bhum was in a quartz matrix, and gold is said to have been obtained by 
quartz crushing at Landu. 
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The most noteworthy places where gold has been found in Singhbhum 
are Kamerara and the Kapargadi ghat in Dhalbhum^ Landu in Seraikela, 
Asaatoria in Kharsawaiij Sonapet, Porahat, and Dhipa in Sarunda. 

Before giving the known details regarding these localities, it may be 
well to describe the gold- washers and their operations, it being under- 
stood that they apply equally to those of Manbhum, and indeed, with 
local modifications, to all throughout the greater part of Peninsular India. 

The class who more particularly follow the trade of gold-washing 
belong to a tribe of Gonds known as Jhoras, Dhoras, Dokras, Toras, or 
Jharas, according to locality. The name Jhora is said to be derived 
from jhori, a small stream, but Dhora may be derived from dhona, to 
wash. In the case of these people both sexes engage in tlie pursuit, 
but the Ghasis, a local tribe of unknown origin, also occasionally wash 
for gold. Among them the men only, while among certain Kol or 
Munda tribes to the west of Singhbhum the women wash for gold, while 
their male relatives regard the work as an unworthy occupation for their 
sex. The methods employed by these different tribes appear to be identi- 
cal in all essentials. Each occupies a distinct tract, and poaching on 
one another's favourite streams is not indulged in to any great extent. 

The wooden dish used for washing measures on an average about 
by 18 inches for the men, smaller ones being used by the women and 
children among the Jhoras, The dish is hollowed somewhat eccentrically 
to a maximum depth of inches. A scraper formed of a flattened 
iron hook, set in a handle, is used to collect the auriferous sand and 
gravel which accumulates in the angles formed by the rocks in the beds 
of the stream. The dish when filled is placed in shallow water, and the 
operator working with his hands soon separates and throws aside all 
the coarser gravel and stones, while the agitation of the water serves to 
carry away all the mud and lighter poi-tions. The dish is then balanced 
on the palm of the left hand and oscillated to and fro with the right ; 
this serves to throw off the greater portion of the remaining gravel, 
and the process is completed by a circular motion, which is com- 
municated to the water in the hollow of the dish, by which even the 
smallest particles of foreign matter are separated, and the final result is 
a residue of black iron sand in which the specks of gold are readily 
apparent ; but as mercury is not employed in this part of the country, all 
the very small and invisible gold is lost. The illustration Plate IV will 
probably enable the reader to realise the appearance presented by these 
gold -washers when pursuing their trade. 

The daily earuiugs of the gold- washers are small, but might, no doubt 
be increased if it were not that they are always satisfied when enough gold 
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bas been found for 2 )rocuring the day\s subsistence. Colonel Hauglitoii 
in 1BS4 stated that the Ghasis could always reckon on earning from 
three to four jncc per day ; be was assured that a vigorous man often 
got as much as twelve annas^ wliieli, as the ordinary rate of field labour 
was about one pice, must be considered a very large sum.^ Mr. Robinson 
found, in a trial which he made at Rabkob, in Udepur, that men to 
whom he paid one anna could produce for him from three to four annas 
worth of gold. Colonel Dalton states that the washers themselves regard 
it as a very poor trade, simply yielding they say p6l bkur (bellyful!). 
Dr. Stcehr, in his paper on Singhbhum, recorded that he found the average 
daily earning to be about 25 centimes (rather more than an anna and a 
half) . The men met with by the writer stated that they could earn about 
an anna a day and occasionally three or four annas, 

Kameraua, Lafc. 22° 15' ; Long, 86° 43' 30'^ — According to Colonel 
Haughton, gold has been found in the bed of the Subauarekha at this 
locality, which is on the eastern margin of the rocky tract. He states 
his belief that the sands of this river continue to contain gold from thence 
to the sea. 

Kapargadi Ghat, Lat, 22° 39' ; Long. 86° 23'. — A nugget of gold 
shown to the writer when in Singhbhum was said to have been found 
close to the pass on the Midnapur road through the Kapargadi hills. 

Landu, Lat. 22° 43' 30'"' ; Long. 86° 15'. — At Landu and various 
other places the copper ores, which Avill be described on a future page, 
were found to be auriferous to a small extent.^ 

A Mr. Emerson was employed by the Singhbhum Copper Company 
specially to investigate the gold resources of the country. He is said to 
have cnished a quantity of quartz, but there is no available record as to 
the results which he obtained. 

Asantohia, Lat. 22° 44'; Long. 85° 51'. — At Asantoriaor Assuntullea 
gold is said by Colonel Haughton to occur in situ, but it apjiears from the 
context that it is not to be understood that it was actually found in the 
rock there, but the locality being higher than the neighbourhood it was 
concluded that the matrix was close by. Dr. Stcelir mentions gold- wash- 
ings at Earitopa, in the neighbourhood of Kharsawan. 

SoNAPET, Lat. 22° 5^3' ; Long. 85° 44' 30'^ — Sonapet, or the 
‘ mother of gold,^ is the valley of the Sonai river to the north-west 
of Kharsawan. All writers on the district refer to it as containing more 
gold than other j^arts of the district. Some years before 1851 nuggets 

' Jour., As. Soi'., Bengal, Vol XllI, p. 110. 

’ Vicrlfl. dor Nat. ties, iu Zuricli, Vol, V, 1860, p. 353. 
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were found thei*e ac*oording to Colonel Haughton,’ but the finder never 
divulged the secret of the exact spot. 

PoiiAHAT, Lat. 36'; Long. 85° 30'. — Colonel Haughton^ alludes 
to a tradition of a I'egular gold mine having been driven into the side 
of a hill in the jungles of Porahat. No trace of this mine remains at 
present. Gold-washing is carried on in the streams of Porahat by the 
women only of the Munda inhabitants. 

Saranda. — In Saranda, which is a hilly elevated tract in Singh- 
bhum, intervening between the main area of Singhbhum and Gangpur, 
gold is washed for to some extent. Its occurrence in Anandapur and at 
Arabhanga is recorded by Colonel Haughton.^ The latter name does npt 
appear on the map, but close to the former, at Dhipa, gold- washing was 
witnessed by the writer,*^ 

Dhipa, Lat. 22° 26'; Long. 85® 15'. — The bed of the Koel river 
near Dhipa yields a small amount of gold. The pay dirt was scraped 
out from the nooks and crevices of some protruding rocks. Both subr 
metamorphic and metamorphic rocks occur in this region. Colonel 
Haughton on his map represents the beds of the Koel, Karo, Sunk, and 
the Brahmini, which is formed by the junction of the three, as gold- 
bearing, and they are so no doubt to some extent. 

Lohardaga District. — The Kanchi river, in Lohardaga, contains 
gold-bearing sands, which are derived probably from the same series of 
rocks as those included in the adjoining auriferous tract of Manhhum 
and Singhbhum. There are reports of gold having been found in the Sone 
river on the frontiers of the Palamow sub-division, but there are no 
published notices on the subject. 

Bonai State. — Bonai Town, Lat. 21® 49'; Long. 85*^ 1'. — As al- 
ready mentioned, gold occurs and is washed for in the bed of the Erah- 
mini in Bonai.^ 

GaJlgpur State. — Within the limits of this State gold-washing 
takes place in the bed of the Ebc and in those of some of its tributaries, 
more particularly in the Icha, as is indicated on the topographical survey 
map; Lat. 22^" 6' 30"; Long. SS'" 55' 30". This gold-bearing region 
adjoins those next described in Jashpur and Udopur. 

Surgeon Breton, in his paper quoted already, in reference to the 
diamonds of this region, states that there were gold mines in Gangpur 

' L, p. 111. 

2 L, c., p. 107. 

^ Jour., As, Soc., Bongjil, Vol. XXIII, p, 107. 

^ Jungle Life in India, p. 481. 

* Statistical Account of Bengal, Vol. XVII, p, 167. 
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and Jashpur just large enough for a man to descend, but of considerable 
extent below. In the Gangpur mine, an account of which was to be 
submitted, large pieces of pure gold were stated to have been found.* 
There is no record of any gold-washing being carried on in Korea 
and Chang Bhakar States, and although gold is enumerated in a list of 
the products of Sirguja by Colonel Ouseley,“ it is not sought for there at 
present. 

Jashpur State* — Colonel Ouselcy,^ when forwarding to the Govern- 
ment sjieeirncns of gold for assay, specilically mentions the village of 
Pharsahahal as the locality from whence they were derived. Other autho- 
rities are less precise, and indeed it is not quite clear whether portions 
of the following remarks refer to Jashpur or to Udejmr, 

Mr. Robinson, in a letter'* dated December 184*9, speaks of shafts 
sunk to depths varying from 20 to 60 feet, and which are very close 
to one another as the people are alraid to run galleries. In places 
the ground resembles a gigantic rabbit warren. Sometimes these old 
gold-bearing alluvial deposits crop out in the banks of the rivers. Be- 
sides washing for the gold in the ordinary wooden dishes, the people 
here arrange small water-courses before the rains so as to catch the soil 
in which a large proportion of gold is found ; these are cleared out from 
tim*e to time. Mr. Robinson writes that the late Raja of Jashpur, 
Ram Singh, had worked these mines with success, but owing to an 
accident in one of the shafts, by which a number of people lost their 
lives, operations ceased. His son, the then Raja, considered such work 
beneath his dignity, Mr. Robinson states that the Government at the 
next settlement (in 1850) intended to reserve the mineral rights to 
themselves, and he purposed applying for a lease, having no doubt that 
he would be able to get one for a good term of years, believing that 
these mines must pay splendidly. The late Colonel Dalton® gives a very 
full account of the operations of the Jhoras or gold-washers of Jashpur. 
They find it more profitable to work the ancient deposits than to wash 
the sands of the river beds. On both sides of the Ebe or Ib river 
there are tracts at some distance from the banks, which are honey-combed, 
with shafts sunk by successive generations of gold-seekers. These 
shafts are from 10 to SO feet deep. The gold-bearing statrum is a layer 
of pebbles and fragments of quartz which underlies red soil and vege- 

^ Medico Topography of Ceded Provincea, 1820. 

* Jour., As. Soc , Bengal, Vol. XVII, 1848, p. 05. 

" Idem, Vol. XXIII, p. 110. 

* Idetiif p. 107 . 

* Idem, Vol. XXXIV, Part II, p. 13. 
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table humus. The stuff selected is of a dirty drab or I’eddisli colour 
with occasional balls of decomposed felspar^ which latter are regarded as 
the surest indication of the presence of gold. The decomposed granitic 
I'ock upon which this layer reposes is not g’encrally washed^ but Colonel 
Dalton found that it was likewise auriferous but to a less degree. 

Five shafts were in operation, one family to each, as the women and 
children assist, and each family has its duin or washing-dish. Accidents 
occasionally happen from the falling-in of the shafts. 

The yield is very uncertain. The outturn from the five shafts 
obtained during four hours in Colonel Dalton^s presence would not have 
given more than half an anna a head to those employed, but occasionally 
as mucli as half a tolah, or say Rs. 6 or Rs. 7 worth of gold was obtained, 
according to the statements of the washers. No mercury was used, only 
tlie visil)le gold being saved. The particles were angular and not worn 
by attrition. As is commonly the case, these men were much indebted 
to the money-lenders, one being pointed out as owing Rs. 1,000. 

Colonel Ouseley^s locality, above alluded to, is 

PiTARSABAHAL, Lat. 80'; Long. 83° 55' 33^ (A. S.,105,S. W.) 
From this locality, which is about 4 miles to the west of the Ebe, 
Colonel Ouseley forwarded Rs. 11 weight of gold obtained from mines. 
Each village is bound to pay a certain weight of gold annually to the 
.Raja, the heads of villages (Tikadars) buying from the Jhorasand paying 
for it in rice. The following reports on all the gold forwarded by Colonel 
Ouseley were issued by the Mint Master, Colonel W. N. Forbes - 


Quantity received. j 

PnEB Contents, 

Assay. 

Intrinsic produce 

In tolas or now standard 
of gold mohur., 

Base 

1 alluys. 

Silver. 

Gold. 




In 100 parts. 



3 

2 

6 

4‘047 

8'0G2 

87-891 

3i Wa. 

95*888 

0 ! 

8 

0 


7-031 

92*969 

li Bt. 

101-420 

10 

14 

0 


12*079 



88-021 

3^ Ws. 

96-023 


Mint Rej^ister, 

No. 

Description. 

Talc. 

Weight in 
tolaUo. 

Assay, 

Assay produce in 
gold mohurs. 

1847. 

27tli August, 51*5 

A gold ingot from 
gold lumps and 
dust. 

12 

0 

3 

u Rs. 

Goldmohurs 

Co’s. Rs. 

12 

12 

4 j 
4 

4 

.4 

12 

0 

3 

181 

or 

1 

0 
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A few years ago the Geological Survey Museum received from Colonel 
Dalton a nugget which was obtained in Jashpur. It weighed on receipt 
22r87 grains, and after cleaning 199-6 grains. On assay 13-562 grains 
g^ve— 


Gold chloride 
Silver „ 


. 12'836-> 
0-93 


Gold 

Silver 


94’64 

5X5 


99*79 


The specific gravity was 15*24. The facts just given and those 
mentioned below, with reference to the States of Gangpur and Udepur, 
establish beyond a possibility of doubt the existence of an ancient allu- 
vial gold-bearing deposit at intervals throughout a tract not far short of 
2,000 square miles in area. A considerable portion of this area is hilly, 
the rocks, so far as they are known, belonging to the metamorpbic 
series ; but since there is evidence that diamonds have been found in the 
Ebe river, it may be that an outlier of the Vindhyan series exists there. 
To the west and south of this highland tract there are Gondwana 
rocks, including the coal-measures of the extensive Raigarh and Hingir 
field ; outliers of the Deccan trap occur to the north-east. The principal 
rivers of this tract are the Mand and Ebc, with numerous tributaries* 
As there is always water in the Ebe, it is possible that some system of. 
hydraulic mining might be applicable. Be that as it may, there cannot 
but be gold-bearing reefs from which all this gold has been derived. 

Udepur State : Raukob, Lat. 25” 28' 30" ; Long. 83'’ 17' (A. S., 105 
S.W.) — Rabkob is the chief town of the State of Udepur. Some of the 
early accounts of the washings and tl.'i assays of gold from them do not 
very clearly distinguish between those of Rabkob and Jashpur, which 
are separated from one another by about 40 miles. 

Colonel Ouseley^ was, it is believed, the first to call attention to these 
washings, which he did in a report to Government, dated 1847 ; there 
were then only three families of gold-washers at Rabkob, and at the 
localities mentioned below there were no resident washers, and the gold 
was said to be of inferior quality to that from Rabkob. It was sold 
at from Rs. 10 to Rs. 12 a tola. Although these workings are spoken 
of as mines, and went to considerable depths, as in Jashpur, they were 
not in the original matrix rock, but in detrital deposits from the metamor- 
pbic rocks. The first samples of dust yielded, on assay by Mr. Dodd, 
gold, 91*667 ; silver, 3*646 ; alloy, 4-687 == 100, Colonel Oilseley remarked 


i Jour., As. Sor., Bengal, Vol, XXIII, p. 110. 
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that this (lust had less the appearance of having been worn and flattened 
than had tliat usually washed from sands. 

In 1849 Mr. Robinson took a lease of the village mtli liberty to work 
the mines from Gournment, and left a European agent to conduet 
operations, who, however, was afterwards compelled to leave in conse- 
quence of fever. Indeed, it may be added, the unhealthiness of this 
region must always prove a drawback to operations under European 
management. The gold obtained was sold for Rs. per tola in 
the Calcutta bazaar, that being the value put upon it at the Mint. 
The result of Mr. Robinson’s trial was that a man to whom he paid 1 
anna could earn for him from 3 to 4 annas worth of gold. 

In 1865 this locality was visited by the late Colonel Dalton,^ Com* 
missioner of the division, who has written that the production of gold 
was restricted by the number of washers, there being only six families of 
them. 

These people were at work in pits similar to those in Jashpur. The 
produce of a day’s washing for each diiin or dish was only three grains, 
which led Colonel Dalton to suppose some deception had been practised) 
as the Raja of Sirguja, who contemplated making a monopoly of the 
industry, was with him. Judging from experience in Singhbhurn, how- 
ever, this amount was probably rather above than below the average 
earnings. 

The other localities in Udepur mentioned by Colonel Ouselcy as 
being gold-producing are — 

Kamuar, on the Korija river, 

Bairagi, "1 on the f Lat. 

Salka, r Sangul j 

KHANDiiA;)An, ^ river ^ Lat. Dong. 

Bak ABiiMA, on the Bharari river, Lat. 22 •. 83'’29' 

Jamargi, on the Maini river, ;. 22^3 ; Long. 

Central Provinces.—Aurife ir in mos 

Central Provinces, where there are the older 

rocks. 

The census returns of 1872 give the total number of persons whose 
trade is gold-washing at 215. Out of the four divisions under which 
the districts are classihed the Narbada Division alone returns no gold- 
washers, The other divisions contribute as follows : Nagpur, 139 ; Jabal- 
12. The Upper Godavari District, which is classed 


Jour., As. Sec., Bengal, Vol. XXXIV, Part II, p. 22. 
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have no gold-waf^hers^ the latter being Mandla — a fact easily connected 
with its geology. The rocks are chiefly trappean, but it may be that 
even in this district towards the south, where traversed by the Bunjar 
river, gold-bearing sands occur, since samples of gold from the bed of 
that river are now in the Nagpur Museum^ but whether obtained within 
the limits of Mandla or Balaghat is not stated. As regards the Upper 
Godavari District, gold- washing does take place there, wherever the 
washers come from. 

Chatisgarh Division : Sambalpnr District. — Tlie census returns 
only give ten persons as being employed as professional gold-washers in 
Sambalpur. This is not improbably an under-estimate. In the chapter 
on Diamonds the persons who practise gold -washing in this district 
have been already described. The head-quarters of the principal colony 
arc at Jhunan, on the Mahanadi, about 9 miles north-west of Sambal- 
pur. Most of the early, already quoted, accounts of Sambalpur dia- 
monds refer also to the fact of the Mahanadi and several of its tribu- 
aries containing auriferous sands. Although the actual localities where 
gold-washing is carried on are numerous, it will be sufficient to relegate 
what has to be said on the subject under two localities where gold-wash- 
ing was witnessed by the writer. These are Sambalpur town on the 
Maliaiiadi and the village of Tahud on the Ebe. 

SATviBALriJR, Lat. 2F 28'; Long. 84” 2'. — Close to Sambalpur town 
the ])anks and bed of the river contain gold. In Colonel Ouselcy^s 
time it used to be found as far down as Sonpur.'-^ The various tribu- 
taries of the Mahanadi which traverse the inetamorphic rocks are all 
prol^ably more or less gold-bearing.'*^ The early writers did not recognise 
the probability of the gold and diamonds being derived from diflerent 
sources. As both were found together in the bed of the Mahanadi, they 
were supposed to come from the same rocks. The diamonds have been 
shown on a previous page to be traceable back to the LowerYindhyan rocks, 
while the gold, though possibly in part coming from the same, is chiefly 
derived from the metamorphics. At Jhunan, on the Mahanadi, there is 
a small colony of gold- washers, who travel to the different localities when 
the water falls after the rains. 

Tahud. — Near Tahud, on the Ebe river, a party of the above washers 
were seen encamped and at work by the writer."* The spots where they 


^ Central Provinces Gazetteer, p. 26. 

* Jour., As. Soc., Bengal, Vol. VlII, p. 1058. 
^ Records, G. 8, I., Vol. X, p. 190. 

^ IdcM, p. 191. 
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were then washing were within the area occupied by rocks of Talchir 
age, but whether the gold had been proximately derived from these, 
or had been brought down from the neighbouring metamorphic area, it 
was impossible to decide. There is of course no primd facia improbabi- 
lity in these Talchir rocks containing gold ; on the contrary, the boulder 
bed, containing as it does such a large proportion of materials directly 
derived from the metamorphic rocks, might naturally be expected to in- 
clude gold. The occurrence of gold in the sandstones of the Talchir 
field has already ])cen mentioned, and similar cases will be found in 
reference to still younger deposits on future pages. In Australia, a con- 
glomerate bed of carboniferous age is known to be auriferous.^ 

Bilaspiir District. — According to the census there are only two 
gold-washers in the Bilaspur District. The only recorded locality where 
gold is known to occur is in the Jonk or Jong river, near Sonakhan. 

SoNAKHAN, Lat. 21° 25'; Long. 82'^ 38'. — Whether this place owes 
its name to the fact of there having been a gold mine there is not known, 
but Captain Wilkinson ^ is our autliority for saying that the Jonk river 
in this vicinity is auriferous. Although it is believed that Sonakhan itself 
is on the margin of the Lower Vindhyan rocks of the Cliatisgarh basin, 
it is known that a considerable portion of the course of the Jonk south 
of Sonakhan is through metamorphic rocks. The sources of the river, 
however, are situated in the outlying tract of Lower Vindhyan rocks near 
Nowagarh, 

Raipur District. — There were 12 gold- washers in Raipur in 1872. 
It is not known in what parts their operations are principally carried on. 
Captain Wilkinson states that gold is procurable in tlie Mahanadi at 
Rajoo.^ The only place of similar name on the Mahanadi is Rajirn. 

Rajim, Lat. 20^ 58'; Long. 8 56'. — Rajim is situated on Lower 
Vindhyan rocks. It is possible that the gold may liave reached the 
Mahanadi by its tributary, the Pairi, which passes through metamorphic 
rocks 12 miles ofE in Nowagarh, though that would be rather far for it 
to travel. 

Bhandara District. — In this district there are only three profes- 
sional gold-washers. Gold-bearing sands occur in streams near Amba- 
garh and Thirora. The Son nala is mentioned also as gold-bearing, but 
as it does not appear on the maps it may be one of the above. 

Ambagarh, Lat. 21*^ 26’ ; Long, 79'’ 43' 30". — According to 

Mr. Wilkinson,^ the Maroo stream, in Amborah pargana, used to produce 
gold. As there was formerly a pargana called Ambagarh, it is probable 

* Geological Magazine, 1877, p. 286. 

2 Cal. Jour., Nat. Hist., Vol. Ill, p. 292. 
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that that was the place. The position given above is that of the town 
of Ambagarh. 

Thirora, Lat. 24' 30^; Long. 79° 59'. — An unnamed tributary 
of the Wainganga, near Thirora,* is said to contain auriferous sands. 

In the Central Provinces Gazetteer it is stated that the gold of the 
Bhandara District is somewhat impure, only bringing from Its. 10 to 
Its. 12 per tola. Mercury is employed in separating the particles from 
the sand. The geology of Bhandara has not yet been fully ascertained, 
but the older mctamorphic rocks arc known to occur there as also some 
sandstones, &c., of Lower Vindhyan age. 

Chanda District. — According to the census of 1872 there are only 
six professional gold-washers in this district. The search for gold is 
carried on, it is believed, in the eastern parts of the area, where metamor- 
phic rocks prevail, but there are no publislied details as to the actual 
streams in which it is found. 

Balaghat District. — The census return of 1872 gives the number 
of gold-washers living in the Balaghat distriet as being one only, but as 
gold is known to be washed in several ])laces it is })robablc that either 
the gold-washers of Nagpur, who are returned as numbering 103, annu- 
ally migrate into Balaghat, or the actual washers have some otlier trade 
under which they have been classed. The auriferous streams of this 
district are situated in the Lanji and Dhansua parganas.^ The rocks 
belong to the older metamorphic series. 

Lanji, Lat. 21° 30'; Long. 80° 36'. — This is the position of the 
town of Lanji, but it is in two of the principal rivers of the pargana 
of the same name, namely, the Son and Deo, that the auriferous sands 
occur. As being gold-producing, these, especially the first (which pro- 
bably owes its name to the fact) , have long been known. 

Captain Jenkins,’’ Mr. Wilkinson,'^ and the Rev. Messrs. Hislop and 
Hunter,^ all allude to the gold sands near Lanji. And it is probably 
in consequence of the mention of it in the paper by the last-mentioned 
authorities that this locality has received more notice in European works 
than many others in India. As stated above, there are gold-bearing 
sands also in some parts of the Bnnjar river. 

Panchera, Lat. 21^ 55'; Long. 80^16'. — According to the Cen- 
tral Provinces Gazetteer, gold is obtained in the Sonabera stream, near the 
Panchera ghat, in the Dhansua pargaua. 

' Central Provinces Administration Report, 1861-G2, p. 124. 

Central Provinces Gazetteer. 

» Ah. Res., Vol. XVIII, p. 213. 

^ Cal. .Tour., Nat. Hist., Vol. HI. p. 292. 

* Quar, Jour., Ocol. Soc., Vol. XI, p. 380. 
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Mau^ Lat. 13'; Long. 80° 10'. — From the above quoted au- 
thority, too, we learn that gold is found in the Nahr river, in the neigh- 
bourhood of Mau. 

Jabalpur District. — In this district there were 14 professional 
gold-washers in 187^. Beyond this, and the fact that a sample of gold- 
dust said to be from Jabalpur was exhibited in the Indian Museum at 
South Kensington, there appears to be no record of the industry in this 
district. 

Nagpur District. — The gold-washers of this district are more 
numerous than in any other one in the Central Provinces. They number 
103. It is probable that they cany on their operations chiefly in the 
adjoining districts, though some of them may find sufficient gold in the 
streams which traverse the metamorphic rocks of their own. 

Wardha District. — In this district there are 26 gold- wash era, hut 
there is no information available as to the precise localities whore their 
operations are carried on. 

Sagar and Damoh Districts. — In Sagar and Dam oh there are 19 
and 7 gold-washers respectively, but it is not on record that gold is found 
in either district. 

Seoni District. — Within the limits of this district the sands of the 
Parqudhur stream produce gold. It rises in the Konyc hills and falls 
into tlie Waingauga. The washers, of whom there are 12, consider it 
unlucky to earn more than 4 annas aday.^ 

Upper Godavari District. — Gold is said to he found^ in two local- 
ities in the bed of the Godavari river within the limits of this district, 
namely, near Bhadraehelliim and at Marigudem (Mariguram of map), 

Bhadrachellum, Lat. 17° 40' 30"; Long. 80’’ 5]' 45". — Gold is 
washed for at the point where the Kinarsani river falls into the Godavari, 
on the Hyderabad side l^elow Bhadrachellum. The rocks belong to the 
metamorphic or older crystalline series, but the Gondwana and Kadapab 
series arc also represented close by. As already stated, diamonds are 
reported to have been formerly found here. 

Marigudem, Lat. 18® 17'; Long. 80° 36' 30". — Gold is washed for 
near the month of a small stream which, coming from the Nizam^e 
territory, falls into the Godavari opposite Marigudem, in the Naggai 
taluk. It is washed by people called So'>?jharis {lil, gold-seekers), not 
So 7 ijerries as the name is sometimes written, who come periodically for tin 
purpose. They begin operations in August or September, or whenever the 


^ Balfour’s ClyclopaxUa, &c. 
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river has fallen sufReiently to lay bare certain gravel banks in which the 
gold occurs in minute grains. The gold is of superior quality to that of 
some other localities, being valued at Rs. 16 a tola. The rocks of this 
neighbourhood are Gondwanas belonging to the Kamthi group, so this 
gold has possibly a doubly derivative origin. 

Bastar. — The Bastar State, which is attached to the Upper Godavari 
District, does not return any gold-washers in the census tables, but gold- 
washing is nevertheless carried on there according to the Central Prov- 
inces Gazetteer close to Pratappur {? Partabpur of map), and at the 
junction of the Kutri (or Kuthari) and Indravati rivers, near the 
village of Bharamgarh. The rocks of this portion of Bastar, it may be 
presumed, belong to the metamorphie series, but they have not as yet been 
examined by any geologist. The position of these two localities is as 
follows : — 

Pratappiju. or Partabpur, Lat. 19° 59' 30"; Long. 80° 47' 30". 

BnARAMGURii, Lat. 19° 25' ; Long. 80'" 39' 30". 

Rajputana. — Ajmir-Mhairwarra District. — According to Dr. 
Irvine,^ gold-dust used to be found in the sands of the Luni and Kbari 
rivers. The search, however, does not appear to be carried on at present. 
These rivers traverse rocks of the Arvali series and gneiss. The actual 
source of the gold is unknown. As rough indices of position, Raipur on 
the Luni, lat. 26° 3", long. 74° 5', and Sagramgarh on the Khari, lat. 
25° 52', long. 74"" 29' 30" may be mentioned. 

Gurgaon District. — But one locality, Sonah or Sohna, is known in 
this district where gold has been found. 

Sonah, Lat. 28° 14'; Long. IT 7' — It is possible that this place 
may owe its name to the fact of gold having been found there. When 
examining the schists of the Arvali series at Sonah, Mr. Haeket ^ was 
informed that small quantities of gold are found, after the rains, in the 
streams which take their rise in the hills close by. 

Bombay. — Within the limits of the Bombay Presidency the districts 
of Dharwar, Belgaum, and Kaladgi in the Southern Mahratta Country, 
and the province of Kattywar, include all the localities wherein gold- 
bearing rocks are reported to exist. 

Dharwar District. — In this district gold has been found at Chik 
Mulgund (Moolgoond), Surtur (Soortoor), Dambal or Damul, Dhoni, 
Hurti river near Gudnk. All the available information regarding the 
auriferous tracts of Dharwar, Belgaum, and Kaladgi are contained in 


^ Tide Selections from Records, Government of India, Chap. XIX, p. 71. 
2 Records, G. S. 1., Vol. XIll,p. 244, 
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papers by Captain Newbold/ Lieutenant Aytoun,^ and Mr. R. B. Foote^ 
of the Geological Survey. A letter by Mr. Scholt* ** to the Tmes of 
India also contains some information on the subject. Mr. Foote's paper, 
besides recording his own observations, gives a rhume of what was 
written by the other authorities. A map of the neighbourhood of Dam- 
bal is published with this paper. 

Mr. Foote considers that the metamorphic rocks of the known gold- 
bearing area belong to three distinct groups or series, each characterised 
by certain lithological peculiarities. He distinguishes them by the 
following local names, namely, Dhoni, Kap])atgode, and Surtur. The 
i)honi group consists of a hematitic schist, accompanied by chloritic, 
hornblendic, and micaceous schists. It also includes several beds of 
white and grey limestone, which may prove a valuable source of lime. 
Above this group comes the one called Kappatgode, the members of which 
form the Kappatgode Hill. They consist likewise of luernatitic schists 
with which are associated argillaceous schists, and the prevailing color has 
changed from green to reddish buff or mottled whitish. The third or 
Surtur group consists of hornblendic and chloritic schists, which are in- 
timately associated with a massive diorite. Two other groups or series 
of granitic rocks in the neighbourhood, which do not appear to be auri- 
ferous, have had the names Guduck and Mulgund conferred upon them, 
from the names of the villages near which they are found. 

Quartz reefs occur in all these series, but it is only in the streams 
arising from the Surtur series, according to the natives, that auriferous 
sands occur, and the richest of all, that called Surtur, lies entirely within 
the area occupied by the chloritic schists and diorite. 

With few exceptions the quartz reefs in the Surtur series at their 
outcrops had been broken up by gold-seekers. Most of these reefs run 
parallel to the bedding, but in the other series they often occur cutting 
across the bedding. 

In the Kappatgode series there is a reef called Hati Kati (Huttce 
Kutiee) , in the debris from which, where it had been broken into by gold- 
seekers, Mr. Foote found a trace of visible gold. Pyrites altered into 
limonite and thin veins of chlorite occur in the quartz. Three rude 
sinkings and some shallow trenching indicate that mining by natives 
was carried on to some extent here. A shaft sunk on the east side of 

* Madras Jour, of Lit. and Sci., Vol. XI, p. 44 j and Jour., Roy. As. Soc., Vol, VII, 
j). 205 ; and Jour. As,, Soc., Bengal, Vol. XIV, p. 291. 

- Trans., Bombay Geog. So<;y., Vol. XI, p. 1. 

3 Reconls, G. S. I., Vol. VIII, p. 133; and Mem., G. S, I., Vol, XII, p. 259. 

^ Fide Balfom'’s Cyclopa3diu, Ai-t, — Gold. 
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the reef is supposed to have been the work of a Gold Company which 
was started during the Bombay share mania. A similar shaft near the 
village of Dhoni is known to have been the work of this Company. 
Australian nuggets are said to have done duty as samples of the results 
of these operations. The Hati Kati reef is 5 feet thick ; it dips 40° 
to 50°, eastwards, and the strike is north by west to south by east. 

Sulphides of the metals which commonly accompany gold were 
only found in the Hati Kati and two parallel reefs, but much of the 
quartz in the different reefs is what is called ^ mouse-eaten ' by Austra- 
lian miners — an indication of the former presence of foreign minerals. 
Samples of quartz selected by Mr. Foote were assayed in the laboratories 
at the Mint and the Geological Survey, but did not prove to contain 
gold. Even were there evidence of the presence of a greater amount of 
gold, the inaccessibility of this locality and the searcity of fuel and 
water are serious drawbacks. There are only two or three families of 
gold -washers or Jalgars in the neighbourhood. They use a sort of box 
made of light planks which is 3 to 4 feet long, 20 inches wide, and 
9 inches deep, for the first and rough part of the washings. This box or 
trough corresponds to the Australian cradle. The sand is then removed 
to a dish or tray in which it is panned off. The iron sand with gold is 
further washed in a half cocoanut shell and the final residue treated with 
mercury. Mr. Scholt (I, c,) s^ieaks in high terms of the care taken by 
these men, which he says surpasses that of the Chinese in Australia ; 
but Mr. Foote considers the process wasteful, particularly in consequence 
of the shortness of the washing-box. The earnings of these men during 
the season varies from Ks. 5 to Rs. 50. 

Mr. Scholt formed a very unfavorable, but apparently perfectly just, 
opinion as to the value of the alluvial deposits. The supply is very 
scanty, the stratum not exceeding 5 inches in depth, the bed rock 
being apparent everywhere. Twelve days^ work at Surtur yielded him 
only from Rs. 2 to Rs. 3 worth of gold. 

Lieutenant Aytoun, however, states that near Dumbal he sunk a shaft 
in the alluvium to a depth of 7 feet and found gold at all depths ; 
and a Mr. Le Soucf, who had had Australian experience, also skites that 
he obtained gold from shafts. He took a more favorable view of the 
place than Mr. Scholt, but his statements are somewhat vague. ^ 

In Captain Newbold^s time the outturn from the Hurti, Surtur, and 
Dhoni streams was estimated at 200 ounces per annum, but either in 
Consequence of the yield of gold having diminished, or other more lucra- 
tive employment having become available to the Jalgars, their numbers 

’ Vide his letter in Balfour’s Cyclopiedia, Art. — Gold. 
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have much decreased, and the outturn is probably not now one-tenth of 
what it was. Captain Newbold (/. c.) mentions that the Jalgars under- 
stand the ancient Hindu method of purifying the gold and improving 
its touch. The following shows the position of the above-mentioned 
localities in Dharwar, and also that of another, Chik Miilgund, in the 
Kor or Kod taluk, whei'e gold used to be found according to Captain 
Newbold : — 

SuRTUH OR SooRTOOR, Lat. 15° 14" 30"; Long. 75° 43'. ' 

DnONi, Lat. 15^" 17" 30''; Long. 75° 47'. 

Dambal or Dumul, Lat, 15° 17' 30''; Long. 75° 50'. 

Harti or Hurtee, Lat. 15° 20'; Long. 75° 35' 30^ 

CnTK Mulgund (or Moolgoond), Lat. 14° 35' ; Long. 75° 27'. 

Belgaum District- — Gold-dust within the limits of this district is 
reported to have been found in small quantities at or near the villages of 
Bclowuddi, J3yl Hongul, and Murgur. 

The rocks are cbloritic schists and diorites, with thin veins and nests 
of quartz, reefs being rare or concealed, if present, by surface soil. 

Belowuddi, Lat, 15° 42' 30"; Long. 74° 59'. — Lieutenant Aytoun 
obtained gold in the streams near ibis ])lace, but it appears to occur 
in very small quantity. Mr. Foote failed to find any trace of gold tbero, 
and be was told that the Jalgai's bad not been there for ten years, so tluit 
it is evident they do not ttink much of its capabilities. The gold is 
supposed to have been derived from a quartz reef traversing the chloritic 
schists and diorite. 

Byl Hongul, Lat. 15° 50'; Long. 74° 59'. — At Byl Hongul, or 
rather near two small villages, Chikop and Murkombi of map, a few 
miles to the north, Mr. Aytoun obtained gold by washing, and the 
stream between these places was one ordinarily visited ])y the Jalgars ; 
but Mr. Foote was informed by the local officials that gold was unknown 
there. He mentions finding one quartz reef in which there were no 
sulphides or other likely indications of the presence of gold. 

Murgur, Lat. 15° 53' ; Long. 75°.— Mr. Foote was told by a native 
official that near the above village from Rs. 150 to 200 worth was 
obtained by the Jalgars, who in this case are Mohamedans ; probably they 
are converts like the Nai/is, The rocks which are believed to contain the 
gold are said to be probably the same as those at Kappatgode. Gold is 
reported to occur also iu the streams near Sogul, 4 miles south-east of 
Murgur. 

Kaladgi District. — Guludegud, Lat. 16° 3' ; Long. 75° 52'. — 
Mr. Foote mentions a report, the accuracy of which he has reason to 
doubt, of auriferous sands being found in the streams there. 



208 


GEOLOGY OE INDIA -GOLD. 


[Chap. IV. 


Kattywar. — Gold-duet in small quantities is said to be found in tlic 
Sourekba^ [Soowurn Sans. ; lit, gold-dust), a river which rises in 

the Girnar hills, but which is not marked on the maps. The Girnar 
hills rise to a height of c ,666 feet, and are said to be formed of granite 
with quartz veins. It seems to be doubtful, however, whether there are 
any old crystalline rocks in these hills. So far as is known, the rocks are 
volcanic of the Deccan trap period. Captain McMurdo is said to have 
stated that gold was also found in the river Aji, which passes Rajkot. 

Afghanistan. — Gold-dust is reported to occur in the sands of many 
rivers in Afghanistan, but definite information on the subject is some- 
what scanty. The geology of Northern Afghanistan is not very well 
known, and it is therefore impossible to say from what rocks this gold 
may have been derived. The gold near Kandahar occurs in connection 
with trap, which traverses cretaceous rocks, and it may be that the 
matrix of the gold in Northern Afghanistan is of the same age. At the 
same time older rocks are believed to occur in the Hindu Kush, and it may 
exist in some of them. 

According to Captain Hutton^ gold which is called pillah used to be 
imported into Kabul from Bokhara, where it was found in the river 
Amur, and the best qualities were sold at the rate of Co/s Rs, 17 to 18 
per tola j an inferior quality sold for Rs. 10 per tola. 

The occurrence of gold is recorded in Kandahar, in the Hazara 
country, in the neighbourhood of Bamian, in Koh-i-daman, Kohistan, 
and Lughman, 

Hazaha Country. — Captain Drummond'^ states that gold is reported 
to be found in the streams which rise in the Koh-i-baba range, and Cap- 
tain Hutton that it is reported to occur in silii in the rocks of some of 
the mountains; but he suggests that the supposed gold is possibly only 
either iron or copper pyrites, as samples of these, supposed to be gold, 
were often brought to him. 

Kandahau, Lat. 31° 35'; Long. 65° 35'. — Gold is mined for in 
quartz veins 3 miles to the north of Kandahar city. These quartz veins, 
according to Mr. Griesbach,'^ occur on the lines of junction between 
hippuritic limestone and extensive outbursts of trap ; the actual contact 
rock is partly calcareous, and it contains traces of copper and nickel. 
The gold is sometimes chiselled out in pure granules and sometimes in 
large nuggets ; the stone is not taken out unless it contains visible gold* 

’ Selections from Keeoixls, Bombay Cloveniment, Vol. XXXVIII, p. 36. 

‘ Cal. Jour., Nat. Hist., Vol. VI, p. 599. 

Jour., As. Soc., Bengal, Vol, X, p. 89. 

^ Mem., G. S, I., Vol XVllI, p. 56. 
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It is carried to the city for treatment. The mine belonged to the Gov- 
ernment, had been worked anyhow for some 12 yeai-s, and in 1872 was 
leased to a contractor for Rs. 5,000 a year ; as much more was spent on 
working it, blasting with gunpowder being employed, and the yearly 
outturn was said to exceed Rs. 10,000. Subsequently, the mine fell in, 
and some of the miners who were working at the time below were buried. 
Mr. Griesbach considers that it is highly prol)ab1c that gold will be 
found where the traj>poid beds, which he describes, are altered by 
younger traps and traversed by quartz reefs. Tlic disturbed state of the 
country prevented the Wali from acting on his advice and sinking new 
shafts. 

It may be of interest to add here that there is an old record* of the 
discovery of a mine of gold in Seistan, which is thus described : — 

In the first month of the reign of Mahmud of Ghazni a vein of 
gold resembling a tree, of three cubits in depth, was discovered in a mine 
in Seistan, which yielded pure gold till the reign of Musaud, when it was 
desli'oyed and lost by an earth quake. 

Ram TAN, Lat. 34° 52' 80^ ; Long. 67 ^ 45' 30^. — Dr. Balfour states 
that gold is found, together with lapis lazuli, at Ilaladat, near Bamian } 
but there may bo some mistake about the latter as this is not one of the 
nH'ognised localities where it occurs, but gold may very ]K>ssibly be found 
there brought by streams from the northern Hanks of the Koh-i-baba. 

IsTALiF, Lat. 34° 52' 50"; Long. 69°. — Dr. Balfour states that 
gold is found at this locality, winch is in the district of Koh-i-danjan. 
It is also found in the sands of the Kabul river. The streams in 
Kohistan and above Lughman and Kuner, which rise on the flanks of 
the Hindu Kush, also contain gold according to Captain Drummond, 

Punjab. — It has been not unfreqiicntly stated that all the rivers of 
the Punjab, the Ravi alone excepted, contain auriferous sands. Probably 
there are some others which might be excluded from so genend a state- 
ment; but the fact remains that the rivers and streams of the province, 
whether rising in the distant ranges of crystalline rocks forming the axis 
of the Himalayas, or merely having their sources in the outer and lower 
ranges of hills formed of detrital tertiary formations, do as a general rule 
contain gold. In the latter cases the gold must have a doubly derivative 
origin, and no veins, or other original deposits of it, can be expected to 
occur. 

The practice of gold- washing in the Punjab is probably of considerable 
antiquity ; formerly it afforded a source of revenue, and under the Sikh 
Government the tax amounted to one-fourth of the gross produce. As in 


^ Mulioincdaii Power in India, Virl, J, y. 3d. 



210 


GEOLOGY OF INDIA— GOLD. 


[Chap. IV- 


most; other parts of India, the possible revenue £i-om this source has dwin- 
dled down to very small propoi-tions, or has become wholly extinct; in th^ 
year 1800-61 it was Rs. 444, and in 1861-62 it was Rs. 530. The fact of 
gold Ijeing obtained by washing in the rivers of Subah Lahore is men- 
tioned in the Ain-i-Akbari.'^'^^ The chronicler, or rather his translator, 
includes brass in the list of metals which were thus obtained ! 

The following account contains the most important authentic informa- 
tion on the subject of Punjab gold, the districts in which it is found 
being Bannu, Peshawur, Hazara, Rawalpindi, Jhilam, Amballa, and 
certain Native States. 

Bannu (Bunnoo) District : Kalabagh. — At Kalabagh^ and other 
points on the Indus below it, gold-dust is washed for, the annual value 
of the produce being estimated at Rs. 200. Whether this gold is derived 
from the tertiary rocks, as is that which is obtained in the streams and 
rivers from the Salt-range in the Jhilam district, or has come from the 
older rocks higher up the valley, may bo an open question. 

Peshawur District. — In the Indus above Attoek'^ and in the Kabul 
river gold-dust occurs, thougli not in great abundance. There are about 
150 men who wash during Ihe cold and hot seasons ; for the rest of 
the year they follow their regular avocation as boatmen. They often 
receive advances from those who purchase the gold, which is valued at 
Rs. 15 a tola. Each man obtains on an average 2 to 2^ tolas of gold^ 
which from the time spent in its collection would yield a daily wage of 
about two annas. 

Hazara District. — The bed of the Indus in this district also yields 
gold-dust, the quality and therefore the value of which is the same as 
of that obtained within the limits of the Peshawur district. The most 
prolific portion of the Indus is said to be that which traverses Dardistan. 

Rawalpindi District : Attock, Lat. 33"" 52' 30" ; Long. 72'" 15' 30." 
The sands of the Indus at Attock are also washed for gold. Dr. 
Jameson*^ in 1 843 stated that about 300 individuals used then to engage 
annually in the search for gold between Attock and Kalabagh. The 
washing was effected with the aid of a large wooden trough. Mercury 
was used and the gold obtained was sold for Rs. 16 per tola, one-fourth 
of which was claimed by the Sikh Government. The actual earnings of 
the men were estimated to be from 3 to 4 annas a day. 


‘ Gladwin's Edition, Vol. II, p. 109. 

" Jolnn, p. 13 ; Mem., G. S. 1., Vol. XVII, p. 95, 

^ Idem, p. 13. 

Jour., As. Soc., Bengal, Vol. XII, p. 22U 
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Jhilam District. — The gold-washings of the Salt-range are nearly 
all included in the Jhilam District.^ They are situated in the beds of 
streams and rivers which take their rise in the sandstones of tertiary age, 
tlie gold apparently coming from beds of the lower Siwalik group. It 
has thus a doubly derivative origin, as in these beds it is, like the rest 
of the materials of which they are formed, merely detrital matter from the 
old crystalline rocks of tlie Himalayas. Much of the gold is invisible 
or nearly so, and would be lost but for the employment of mercury. In 
the year 1850 158 cradles were worked, and the tax upon these amounted 
to Rs. 525. 

Ini 848 Dr. Fleming was informed, according to Mr. Baden-Powcll, 
that the production of gold was as follows : — 

1841 . 409 tolas. 

1845 . 272 „ 

184G . 332 „ 

1,013 tolas X IG = say £1,G20-16.0. 

Tlie Bunhar river, near the eastern end of the hills, is specially men- 
tioned by Mr. Wynne as producing gold, and from it, westwards up to the 
Indus, many of the streams which rise on the northern flanlcs of the range 
contain gold. 

Kangra District. — In this district gold is found in the Bias river 
near Haripur, and also in Spiti, Kulu, and Lahul. 

Haiupur. — In a paper by Captain Abbott^ the process of gold-wash- 
ing in the Bias river is described and illustrated. The gold occurs aj>pa- 
rcntly in still finer particles than elsewhere, being literally dust. It is 
impossible to say what may be the proximate derivation of this gold as 
the river traverses both tertiary and old crystalline rocks. Since gold 
occurs at Shamsi higher up the valley in Kulu, it originally probably all 
came from that neighbourhood. Traces of gold occur in the argentiferous 
galenas of Kulu,^ and the sands of several streams in the same district are 
believed to be auriferous. Gold is obtained in the larger rivers of Lahul 
and Zangskar, but the outturn is small ; it is mostly taken to Hindus- 
tan. In Kunawar, according to Gerrard, small quantities of gold are 

* Fleming^; Dr. Jour., As. Soc., Bengal, Vol. XXII, p. 643. Selections from Public 
Corresix)udonce, Punjab Government, No. XX 111, p. 343; Baduii- Powell. Punjab Products, 
p. 13. Wynne, A. B. Mem., G. S. I., Vol. XIV, p. 303. 

2 .Tour., As. 8oc., Bengal, Vol. XVI, p. 266. 

•* Kulu, &c., by Calvert, J, p. 21. 

^ Idenii p. 73. 
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found in the streams. The position of Kunawar is in the valley of the 
Sutlej to the north of Bisahir (or Bashahr) on the frontiers of Chines 
Tartary. Granite and other crystalline rocks are found there, and from 
these, or rather from the quartz veins which traverse them, the gold has 
probably been derived. 

Amballa District. — Kaerar. — Specimens of gold from the Mar- 
kuiida river near this locality were exhibited at the Lahore exhibition. 
In Dr. Balfour^s Cyclopaedia it is stated that gold has been found in large 
quantities between Amballa and Kalka, but the original authority for the 
statement is not mentioned. 

Gumta, Lat. .30'' 30^ ; Long. 77'' 13' 75^ — Gold-washing, as 

carried on in the year 1835 in the river Guinti, which was so called 
after two villages bearing that name, and situated on its banks, was 
described by Lieutenant Cautley.' From the description given, though it 
docs not exactly coincide with the relative ])ositions of the places men* 
tioned, it would seem that Gumta of the modern maps, which is to the 
west of Nahan, was the locality referred to. The Gumta or Gumti stream 
is parallel to the Markunda. The washers, of whom there were only a 
few, carried on their operations with a large trough and sieve as else- 
wlicre, and employed mercury for the final process. The gold was said 
to be very fine. 

A royalty of one masha, Bs. 192, was levied by tlie Raja of Nahan. 
The daily earnings from one trough worked by two men varied from 
annas 2 to lls. 2. A hoi)e was expressed that the gold would prove as 
abundant as the Siwalik fossils, which about that time were first dis- 
covered. 

Patiala State. — In the Native State of Patiala gold is washed for 
by the Sonjbirs in the bed of a small mountain stream according to Dr. 
Balfour. 

Kashmir. — Though there is reason to believe that gold-dust used to 
be sought for in parts of Kashmir proper, there seem to be few notices 
regarding it. The ‘Ain-i-AkbaiP^ says that gold used to he found in a 
river called Padrnatti and at Puckely and Gulkut ( ? Gilgit), which came 
from the country of the Dards. 

The principal localities where gold-washing is carried on in the terri- 
tories of the llaja of Kashmir are apparently situated in Ladak. 

Kaiigil, Lat. 31^^' 31',* Long. 76^ 11/ 30". — Dr. Bellew'*^ mentions hav- 
ing seen an old deserted mine in auriferous sands hero, which had been 


' J(uir., As. Soc., Doupil, IV, p. 279. 
Kii«limir aiul p. 103. 
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given lip in consequence of some of tbc men Laving been killed by a por- 
tion of it falling in. 

Ladak.— According to General Cunningham^ gold-washing in the beds 
of the Indus and Shayok was carried on only by Mahomedans from Balti, 
as the Buddhists of Ladak had long been prohibited from the search. The 
reason was supposed to be to prevent them from neglecting their fields. 

Kio, Lat. 34°; Long. 77° IS', — One actual locality where gold- 
washing is practised has recently been visited by Mr. Lydckker;‘^ it is at 
Kio, on the Markka river, where oj)eratlons were being vigorously carried 
on. The gold is believed to be derived from certain veins of yellow 
quartz which are very abundant in the carboniferous limestones of that 
neighbourliood. In Ladak a common form of pickaxe used by the miners 
consists of the horn of the wild sheep {Ovi,s‘ vrgnci) ti]q:)ed with iron ; this 
is mounted on a wooden handle and is said to be an efficient implement ; 
this fact will be referred to again when speaking of Thibet. 

A remarkable method of obtaining gold in Kashmir, which was 
formerly, if it be not still practised, was to peg down the skins of animals 
with the hair on them in the beds of gold-bearing streams. The hair 
acted as does the blanket used by the civilised miner, and arrested small 
particles of gold which are obtained when the skins are dried and shaken. 
This, according to the ^^Ain-i-Akbari,^^^ was the practice at a place called 
Puckely. The use of skins in this way was at one tirne^ suggested as 
offering an explanation of part of the fable of the gold-digging ants, th(^ 
true explanation of which is given below. It is stated that the custom of 
using skins for this purpose was formerly in vogue in Savoy. 

Thibet. — Thibet is included in this account, as there is every reason 
for believing that for very many centuries a regular supply of gold has 
entered India from thence, and continues to do so to the present day. 

Of the very highest interest are the accounts of the Tliibctan gold 
mines, which are given by the Pundits attached to the Indian Survey for 
the purpose of exploring countries north of the Himalayas. Unwit- 
tingly these admirable native servants of the Government of India have 
furnished facts which have enabled Sir Henry Kawlinson, and independ- 
ently Professor Frederic Schiern, Professor of History at the University 
of Copenhagen, to clear up a mystery which has been a puzzle to the 
historians and philosophers of many countries for upwards of 2,000 years."’ 

* Ijiulak, Slc., p. 232. 

" BecordH, Cx. S. 1., Vol. XTTl, p. -19. 

Tide Gladvviii’B (Tdition, Vol. 11, 136. 

* Count Von VelUieim, ‘Siiinmjungciiiif^or Aufsatzo,’ Vol. 11, p. 208 j and Jour. As. Soc., 
Bengal, Vol. Ill, p. 207. 

» Vide * Ladak’ by General Cunningluiin, p. 232. 
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A translation of Professor Schiern^s paper, ‘ by Anna M. H. Childers, 
will be found in the Indian Antiquary/^ It is a most remarkable 
example of learned research, and one very difficult to give in abstract. 
It is entitled The Tradition of the Gold -digging Ants/^ But perhaps 
before giving the conclusions which Sir Henry Rawlinson and Professor 
Sehiem have arrived at, it will be best in this place to briefly describe the 
Pundits^ observations : — 

During the expedition of 1867 the Pundit who bad been at Lassa 
fell in at Thok Jalung, an important gold-field in the province of Nari 
Khorsam, with a large encampment of Thibetan miners, and took the 
opportunity to gain information relative to the working of the mines. 
In the third expedition, in 1868, another Pundit passed on as far a» 
Rudok, at the north-west extremity of Chinese Thibet on the frontier 
of Ladak, and on his way back from Rudok visited the gold-fields of 
Thok Nianmo, Thok Sarlung,^ aud Thok Jarlung. The map which 
accompanies Major Montgomery's narrative of the journeys of the 
Pundits gives in addition the gold-fields of Thok Munnak, Thok Ragyok, 
Thok Ragung, and Thok Dalung.^^ . . . . The miners^ camp at 

Thok Jarlung, according to the measurements of the Pundits, is 16,300 
feet above the sea level. 

The cold is intense, and the miners in winter are thickly clad with 

furs. 

The miners do not merely remain underground when at work, but 
their small black tents, which are made of a felt-like material, manu- 
factured from the hair of the Yak, are set in a series of pits, with steps 
leading down to them . . . seven or eight feet below the surface of 

the ground.^^ . . . Spite of the cold the diggers prefer working 

in winter ; and the number of their tents, which in summer amounts to 
300, rises to nearly 600 in winter. They prefer the winter as the frozen 
soil then stands well, and is not likely to trouble them much by falling 
in/^ 

They are occasionally attacked by bands of robbers who carry off 
their gold. 


^ Verhand, Djinisclien Gesellsch. cler WiBscnsi;!!. for 1870. Priiitocl separately in 
Danish, German, and IVench. 

» Vol. IV, p, 225. 

•'* Thok Sarlung had at one time been the chief gold-field of the district, “ but htul in a 
gi-oat measure been abandoned on the discovery of the Thok JTarlung g(dd -field. The 
Tnudit passed a gi-eat excavation some 30 to 40 feet deep, 200 feet in width, and two 
miles in length, from whieh the gold bad been extracted,”—** .Jour., As. Soc., BenguU” 
VoL XXXIX, rt. 2, p. 53, 1870. 
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Sir Henry Rawlinson^s remarks on these reports of the Pundits^ 
researches and travels areas follows^ 

^^Nov^, then, for the first time, we have an explanation of the cir- 
cumstances under which so large a quantity of gold is, as is well known 
to be the case, exported to the west from Khoten, and finds its way into 
India from Thibet ; and it is probable that the search for gold in this 
region has been going on from a very^ remote antiquity, since no one 
can read the ex-Pundit^s account of Thibetan miners ^ living in tents 
some seven or eight feet below the surface of the ground, and collecting 
the excavated earth in heaps previous to washing the gold out of the 
soil,^ without being reminded of the description which Herodotus gives 
of the ^ ants in the lands of the Indians bordering on Kaspatyrus (or 
Kashmir) which made their dwellings underground, and threw up sand 
heaps as they burrowed, the sand which they threw up being full of 
gold/^ 

Professor Schiern points out that the tradition was mentioned in 
writings of the middle ages, and those by Arabian authors. It survived 
among the Turks. Strabo and Albertus Magnus treated the whole story 
as a fiction. Xivrey supposed that the animals had become extinct 
owing to the auri sacra fames. Major Rennell supposed that the dwel- 
lers in mounds were termites or white ants. Humboldt^s observations in 
Mexico on the habit of certain ants to carry about shining particles of* 
hyalith was quoted by those who believed that the animals were really 
ants. Other authorities suggested that they were marmots, jackals, 
foxes, or hyaenas. Pliny having stated that horns of the Indian ant 
were preserved in the temple of Hercules at Erythrae, Samuel Wiihl, 
who maintained the hjfena theory, proved equal to the difficulty by sug- 
gesting that the horns might have been a Insus natnrre. Professor 
Schiern ingeniously argues that the horns had been taken from the 
skins of animals which formed the garments of the miners. It seems 
possible, however, that they were samples of the pickaxes made of 
sheeps^ horns, which, as is mentioned above, are used to the present day 
by the miners in Ladak. 

Professor Schiern further points out that ancient writers say that the 
ants worked chiefly in winter, and connects this with the statement of 
the Pundit above quoted. 

In conclusion he writes: — 

For us the story partakes no longer of the marvellous. The gold- 
digging ants were originally neither real ants, as the ancients supposed, 
nor, as many eminent men of learning have supposed, larger animals 

i Vail Mall Gazette, March 10, 1800, quoted iu “ Indian Antiquafy,’* V^ol. IV, p. 225. 
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mistaken for ants on account of their subterranean habits, but men of 
flesh and blood, and those men Thibetan miners, whoso mode of life and 
dress were in tlie remotest antiquity exactly what they are at the present 
<lay.” 

It would be easy to write further upon the subject of Thibet gold ; 
there being a surprising amount of information regarding it, as may be 
gathered from the references which are quoted at the end of this volume ; 
but this could only be done by the not altogether legitimate sacrifiee of a 
considerable amount of space, Thibet not being within our limits. 

North-west Provinces. — Gold-bearing sands oceur in some of the 
rivers of Kumaun and Garhwal, and, as in the case of the Punjab, 
in some of those which take their rise in the outer ranges of hills formed 
of tertiary rocks. Several of the rivers in the Moradabad district used 
formerly to be washed, as is described below, if they be not still. The 
earnings of the washers, as stated to Ca])tain Herbert, did not exceed 2 
annas ])er man, but he thought this an under-estimate. Other authorities 
put them at from 3 to 4 annas. The industry was a source of revenue to 
the Gurkha Government, but when the country became British territory 
the smallness of the sum caused it to be remitted by the (kimmissioner, 
Mr. Traill. In the Moradabad district in 1833, according to Mr. Raven- 
shaw, tlic gold-washers or Nariyas of Kot Kadir paid Rs. 50 a month, 
and those at Barapura Rs. 30, to the zemindar. On the washers in the 
Dhela river a tax of Rs. 2-8 was levied for each washing trough (called 
locally katonfi)^ which was paid to the Government. 

The use of mercury was known to these washers as it was in the 
Punjab. The undermentioned are the })rincipal authorities on the gold 
of the North-West Provinces.^ 

District of Garhwal : Alakananda. Rtveii. — This river and its tri- 
butary, the Pindar, contain auriferous sands. Moorcroft- describes the 
jirocess of washing as it was carried on in the year 1819, and Captaiii Her- 
bert'^ states that he obtained a speck of gold in granite at Kedernath, near 
one of the sources of the Alakananda. The whole courses of these two 
rivers arc situated within the limits of the crystalline rocks, which fact 
serves to distinguish them from those about to be mentioned. The 
Ganges, where it traverses the outer zone of tertiary rocks in taluka 
Chandi, also contains gold, which is possibly locally derived, though some 
of it may come from the higher ranges, as no doubt all did originally. 

’ Ilerhort, Captain. As. Res., Vol. XVIII, p. 236. Ravensiiaw, E, J. Jour., As. Soc., 
Ron^uil, Yol. 11, p. 265. Medlicott, H. B. Mem., G. S. T., Vol. Ill, p. 179. Balfour, Dr. 
Oyeloiiiedia. Atkinson, E. T. Economic Oeol. of Hills of N. W. R, Pamphlet. 

“ Travels, Vol, 1, p. 7. 

» As. Res., Vol. XVII 1, p. 236. 
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Beniout^ga ANI> SoNA. — Both tlie&e rivers have short courses in 
the outer hills till they join the Eamg-un^a in the Path Dhun. The 
gold found in them is probably all doubly derivative. 

Moradabad District : Ramounoa Riveu. — In a paper by Mr. 

E. T. Ravenshavv, dated 1833,^ an account is given of the gold found in 
the tributaries of the Ramgunga along the northern frontiers of the 
Moradabad district. The river in which gold-dust is most abundant is 
the Koh, which flows a few miles to the east of Naginah and falls into 
the Ramgunga^ 4 or 5 miles below Sheakdi (?Shcikdili). Four parties of 
gold-washers, locally called Nariyas, used to carry on their operations 
at Kot Kadir, 12 miles from Kotdwar, whence the Koh issues from the 
hills, at Barapura, at Lakher ghat on the Ramgunga, and at Amangarh 
on the Phikanadi, a tributary of the Ramgunga. 

In the Dhela, between Shconathpur and the hills, 10 miles fur- 
ther east, gold was sought for in the rains by Nariyas, who lived at 
Kheloroli, 7 miles north of Kasipur. The gold from this river was said 
to be of better ([uality than that from any of the others. No gold was 
known to exist in the rivers further cast in this district, and its pre- 
sence in the rivers of the Bareilly district had not been ascertained. 

Nepal, Darjiling, and Sikkim. — Although gold is not known to 
be washed for in Nepal, Sikkim, or Darjiling, there is reason for believing 
that it exists in these areas under similar conditions to those prevailing 
in the North-Western Himalayas. 

In an account of the mineral productions of Nepal by Mr. B. 
Hodgson 2 gold is not mentioned, and in a description of the process of 
refining gold in Nepal, Dr. CampbelP stales that the gold which is 
subjected to this process is imported from Thibet to the value of two 
lakhs per annum. The fact that there is no published record of the 
occurrence of gold in Nepal is doubtless due to the notoriously scanty 
information which we possess regarding the minerals of that country. 
Mineral productions are precisely what Native Governments are most 
particular to conceal ; but we arc not left to hypothesis alone for arriving 
at the conclusion that gold does exist, since, in one of the British districts 
at the foot of the hills, it is actually w^ashed for, and though, politically 
speaking, it may be incorrect, yet from the geological point of view it 
will be most convenient to describe this source of gold here. 

Champara.n District. — A number of rivers and streams which take 
their rise in the outer ranges of tertiary (Sivalik) rocks on the borders of 
the Champaran district and Nepal are known to be auriferous, and gold- 

* .Jour., As. Soc., Vol II, ]>. 205. 

2 Scli'fiioiis from llocords, Henpal GovoriniK'ut, No. XXVll, p. G3. 

^ Jour., As, Soc., Bengal, Vol. Ill, p. 622. 
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washing takes place annually, at the commencement and termination of 
the rains, in the Pachnad, Hurha, Balwi or Dhar, Achni and Kapan rivers. 

In the Statistical Account of Bengal/ from which this information is 
derived, the opinion of a Revenue Surveyor is quoted without a suggestion 
of dissent to the effect that since the streams rise in these outer hills, 
the drainage of Nepal being cut off by a high range, and since the former 
have a rugged and precipitous aspect, therefore veins of gold might bo 
found which would amply recoup the Government for any outlay it 
might incur in working them. That veins of gold occur in these rocks 
is, however, most improbable. The gold included in them is almost certain 
to be of detrital origin, and, like the materials generally of which the beds 
are fprmed, it was brought down from the higher ranges of crystalline 
rocks inside, which, therefore, contain the veins or other original matrix. 
The gold^washers of Champaran belong to a race called Tharu, and are, 
it is said, evidently of Mongolian origin, having similar features to those 
of the Mechs and Kacharis of Assam and the Bhutan Duars. Their earn- 
ings, it is believed, vary from 4 annas to a rupee, which gives a higher 
average than in almost any other part of India ; it is possibly an over- 
estimate. 

On the other hand, the gold must be of very inferior quality, if it be 
true, as is stated, that it only fetches Rs. 12, or three-fourths of the 
ordinary price, per tola. Nuggets of gold arc said to occur there sometimes 
in stones which bear the imprint of fossil shells. It is probable that this 
supposed form of the gold is only iron pyrites. During the time the 
revenue survey was in progress, the amount of gold collected was very 
much less than it had been formerly, when, according to report, the Raja 
of Ramnagar collected several thousands of rupees' worth annually. 

In a somewhat speculative paper published in 1 848, Dr. Irvine^ starts 
the hypothesis from considerations, that gold and the ores of other 

metals probably occur in the rocks forming the hills near or rather above 
Darjiling ; that such is the case has been proved with reference to the 
latter, and the discovery of traces of gold-dust in the streams would only 
be the fulfilment of a most reasonable anticipation, 

Assam. — Assam has long been famous for the production of gold, 
and not a few authorities have stated that all its rivers contain gold- 
bearing sands, — some, however, limiting this general statement to those 
whi(5h rise on the hills on the north. Shorn of all exaggeration it would 
seem that there are few, if any, named rivers or streams in the districts of 
Darrang, Sibsagar, and Lakhimpur which do not yield gold, while in 

» Vol. Kill, p. 228. 

^ Jour., Ah. 801 ;., Bengal, Vol. XVII, p. 137, 
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eight other districts included in the Chief Comraissionership of Assam, 
namely, Goalpara, Kamrup, Nowgong; Garo, Jaintia and Naga Hills; 
Sylhet and Cachar, there is no gold, so far as our sources of information 
go. That it is wholly absent in all is not likely, but it is not and does 
not appear ever to have been sought for successfully in any of them. 

The most interesting early account of the production of gold in 
Upper Assam is by a Hindu named Muniram, the Revenue Serishtadar 
of Bar Bandari,^ whose paper on the subject Captain Jenkins forwarded 
in the year 1838 to the Coal Committee. In it wq are told that before 
the British took possession of the country the Sonwah paid a yearly 
tribute of 4,000 tolas of gold, or in value, at Rs. 16 a tola, Rs. 64,000. 
While the Government had possession of Upper Assam 400 Sonwals paid 
a tax, and at the time of writing {Le. 1838) the Raja levied a tax on 150 
or 160 jotes {Le. parties of four invividuals) of these Sonwal paiks. 
Colonel Hannay -^ estimates that in the northern district of Sadiya alone, 
including Lukhimpur, there were 10,000 of these Sonwals who had to pay 
at least 4 annas weight, or Rs. 4 worth of gold each; the total amount 
would be Rs. 40,000, and since much was probably paid by the Sonwals 
south of the Brahmaputra the total revenue may have been from £8,000 
to £10,000, and the total outturn did not greatly exceed this, since gold- 
washing was a service performed by those who held land for their sub- 
sistence. 

There appears to be no foundation whatever for the statement, first 
made apparently by Jacob, that the yield of gold in Assam amounted to 

30.000 ounces. Recently, in a lecture delivered to the Society of Arts 
by Dr. Hyde Clarke,"^ it was stated that the yield had formerly been 

40.000 ounces, Le, the equivalent of £140,000 at the very least. It can 
only be suggested that the rupees of the above statement have been mis- 
taken by some one for ounces, and thus in all probability the error arose. 

Muniram states that besides the abovementioned tax the Sonwals of 
Upper Assam, in the time of Raja Rajeswar Singh, used to present from 

6.000 to 7,000 tolas of gold ; besides which, gold was receivedfrom a 
number of places in Lower Assam and also from the Bhutias. 

Four methods of collecting gold were practised according to Muniram : 

1. The Kacharis or Cassaris wait for a rise in the river and imme- 
diately afterwards, on its fall, they scraped up the newly- 
deposited sand, which they washed for gold. 

^ Jour,, As. Soc., Bfiipil, Vol. VTT, p. 621. 

2 Op. Oi., Vol. XXII, ]). 515. 

^ Pivcioiis Metals : Phihulelphia, 1832. 

^ Jour., Soey. of Arts, Vol. XXIX, 1881, ]). 244. 
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2. All oilier Soiiwals wash for g'old during the dry Benson. 

3. Tlie Ryde^eea J^hnkun\s Sonwals eolleei the leaves of the 

copal in the hills. These they burn and collect gold from 
the ashes. 

4. The gold-washers in the Seedang (? Bitang) get the gold by 

washing the moss and slime which they scrape from the 
rocks in the bed of the river. 

From the following detailed account, which appears to be worthy of 
reproduction, it will be seen that a statement quoted in Dr. Balfour^s 
Cyclopaedia, that no cradle is used in gold- washing in Assam, and that the 
sand is merely washed by passing water over it in any long leaf, is not 
well founded. 

Some remarks seem called for to explain if possible the third method 
of obtaining gold which is mentioned by Muniram. That gold is ever 
taken up by plants and deposited in living vegetable tissue is not only 
improbable, but the fact that it is sometimes found among the roots of 
plants is considered to be attributable to the circumstance that it is a 
mineral not assimilated by plants, while the solutions in which it is 
carried into these positions are. Thus it is supposed that the solvents of 
gold being absorbed the metal itself accumulates by gradual increments. 
It seemed at first probable to the writer that the copat plant grew on the 
banks of the streams and acted mechanically by arresting small particles 
of gold. But on enquiry the copat would seem to be a common plant in 
Assam, which possibly belongs to the ginger family. Its leaves being 
thin but strong are commonly used to wrap up small parcels. Their con- 
nection with gold probably was that they were used to wrap up the gold, 
and the small three-cornered packets may have been burnt in order to 
save the fine gold adhering to the leaves, hence may have arisen the fable. 

Colonel Hannay mentions that the soil found about the roots of trees, 
especially those of the tree fern, arc rich in gold. This at once calls 
to mind the fact that skins of animals are laid down in gold-bearing 
streams in Kashmir, and horns of wild cattle, with the hair attached, in 
Burma for the purpose of arresting the spangles of gold. Indeed, the 
use of blankets in Californian and Australian quartz-crushing mills is 
due to an application of the same principle. The velvety surface of 
young sprouting ferns growing on the banks of streams might serve to 
arrest some gold, and these, if burnt as blankets are, would yield an 
auriferous ash. 

Colonel Dalton mentions a tradition of a nugget having been found 
attached to an edible root. This of course may have been a chance 
occurrence, but on the other hand it may be explainable as above. 
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The following is Muniram’s account of the method of washing and 
collecting gold from sand : — 

Wherever the current is strong with a falling bank above it, ending 
in a sharp turn of the river, the Sonwals examine the opposite shore 
where the sand from the falling bank is thrown, and if this should con- 
tain gravel mixed with the sand it is accounted a good place to find gold 
in. 

Each party consists of a headman {patoce) and four assistants {pallees ) , 
who wash in one trough (or dorongee) ; when they find a proper place to 
commence operations they begin by working about in the sand with a 
sharp-pointed bamboo (or , to find the depth at which the gravelly 

sand is ; they then take it up in a piece of split bamboo {bans chola) 
and examine whether there is any gold-dust in it; if they see 12 or 14 
bits they immediately build their houses and commence operations. They 
first bund up the deep part of the stream, if it be a small one, with sand, 
and if large with stakes and grass : the stream then takes a different 
direction over the sand ; they allow it to wash away the upper surface of 
sand so as to expose the gold sand, when the bund is re-opened and the 
stream returns to its original bed. The upper sand is then scraped 
off and the gold sand collected with a kind of wooden spade {kater 
dohlal) ; this shovel is 1^ cubits long by 1 cubit in breadth, with a 
handle 4 cubits long ; the blade is of the form of a crescent with holes at 
each corner, through which a string is passed and two men lay hold 
of and pull this string, while a third i)erson keeps pressing the spade 
down in a perpendicular position ; the sand is then taken up in small 
baskets with handles {cookeea^ and thrown on a bamboo lattice-work 
or strainer which is laid over the trough. This trough is made 

of wood and is three cubits long, one cubit broad, and one span high 
all round, with a slit three fingers wide at one end. Water is now 
thrown over the sand with a calabash having a large [)iecc scooped 
out at the bottom, beside a very small hole on one side (^ac) ; the 
water is thrown on with one hand, while the other hand is employed 
in moving the sand about and sweeping off the larger particles of 
gravel from the surface of the strainer ; in this way the sand is spread 
on and water poured over it ; and as the trough fills, the water and dirty 
sand runs off through the slit in it, while the clean sand and gold remain 
at the bottom of the trough. I forgot to say that the trough is placed at 
a small angle to assist the water and dirt to run off quickly. When 40 
or 50 baskets of sand have been thus washed into the trough the Sonwals 
call it a %hia^ anti if a rati of gold is produced from one %hia they 
think themselves very fortunate indeed, for during the long days they 
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get about 30 or washings producing one rail each, and during 

the short days about 25 s/das, each party thus making on an average 
about one-fourth of a tola of gold daily. When they happen to fall on 
a good old stream that has not been disturbed for five or six years, they get 
two ratis of gold from every s/da or washing, and then each party 
makes about half a tola daily. 

The gold and sand of the last washing is collected into pottles (or 
chongd) by spreading a leaf of copat or some other plant at the end of 
the trougli, and dropping water very gently on the sand through the 
small hole in the calabash, which causes a parting of the sand and gold 
thrown on the leaf \ when the whole is collected in this way it is put 
into the pottle and tied up and the next washing is commenced on. As 
soon as they have collected enough in the pottles they give up washing 
the common sand, but pour out the gold and sand from pottles into the 
trough again, and putting in about an annals weight of quicksilver for 
each tola of gold-dust, they pour water over the sand to keep it in 
motion, while the quicksilver remains below with the gold-dust and 
forms it into a lump ; this lump is then put into a shell and on a fire of 
naJiar wood charcoal ; when the quicksilver evaporates the shell be- 
comes lime, it is then carefully taken up in a spoon and thrown into 
water when the gold falls to the bottom ; if it be of a brass color it is 
wra})ped in a paste made of clay from the cooking c/iulas mixed with a 
little salt and burnt in a fire, which gives it a proper colour. This process 
causes an absolute refinement of the surface of the gold ; it is the same 
used in gold refining by the natives generally, but in the latter case the 
metal has to be reduced in the first instance to very thin leaves to allow 
the muriatic acid fumes to penetrate and unite with the alloy.^^ 

A very large proportion of the gold which is obtained in Assam is 
doubly derivative coming from the degradation of the tertiary rocks. 
In the upper reaches of the Brahmaputra it is probably directly derived 
from the crystalline rocks. It is important that this should be clearly 
understood, and that the prospect of finding gold in its original 
matrix in the easily accessible parts of the valley of the Bhramaputra 
is very small. 

Darrang District. — In the Durrang district several of the rivers 
which join the Bhramaputra on the north are said to contain gold, which 
is still or has formerly been washed for. They are the Bhoroli, which is 
perhaps identical with the Bhairavi, the Burigang (or Boongawn) , and 
the Bargang (or Burro wgawn). 

BuottOLi River. — This name appears to be repeated in several parts 
of Assam, so it is uncertain which is referred to. A particukir river 
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which bears it, however, is said to have been noted for its gold.* It joins 
the Bhramaputra 5 or 6 miles above Tezpur. 

Bhairavi River. — Under this name a river in Darrang is stated^ to 
yield gold of a superior quality. The name docs not appear on the map, 
but from the indication of its position as rising in the Aka hills it 
is probably the proper name of the Bhoroli. 

Burigang River. — This river rises in the Dufla hills and joins the 
Bhramaputra near Bishnath ; it is said to contain gold.^ 

Bargang River. — Tliis river rises also in the Dufla hills aiid’joins the 
Bhramaputra 3 or 4 miles above the last mentioned. Both for the quan- 
tity and quality of its gold it is said^ to have been more noted than the 
Dikrang even. 

Sibsagar District, — The principal rivers whose sands include gold in 
the Sibsagar district are the Dhaneswari, with its tributary the Pakerguri, 
the Dcsuc or Disoi, the Jangi or Janji, and the Buri Dihing ; but the 
auriferous deposits on the flanks of the Naga hills extend throughout 
from the Dhaneswari^ to the Noa Diking. 

Djianrswari (or Dhunsiri) River. — Por comparison with the yields 
of other rivers, Colonel Hannay mentions that he was informed by the 
chief of the washers that in this river 15 men obtained 7i tolas of gold 
in from 12 to 15 days.^ 

Disoi (or Desue) River. — In Colonel Hannay^s time the gold-washers 
carried on their operations one and a half days^ journey above Jorhat, 
where the bed is stony. Here the yield was about the same as in the 
Dhaneswari, 15 men having obtained 7k tolas in IZ days.^ 

Pakerguri River. — According to Colonel Hannay,^ Mr. Montgomery 
Martin has recorded that the Assam Government received into the royal 
treasury 1,500 grains weight of gold 3 X»arly from a gold mine called 
Pakerguri, situated at the junction of the Dhaneswari with the Bhrama- 
putra. There is some obscurity about this, as the Pakerguri joins the 
Dhaneswari a day^s journey from the Bhramaputra. 

The Disoi and tho Joglo rivers yielded the best gold in Assam, and 
the gold ornaments for the Rajahs family are said tu have been made 
exclusively from the gold obtained in them. 

1 Jour., As. Soo., Bengal, Vol. VII, p. 12G. 

~ Statistical Account of Assam, Vol. I, ]>. lOG. 

Eastern India, by Montgomery Martin, Vol. Ill, j). G48. 

Idem. 

^ Jour., As. Soc., Bengal, Vol. XXII, ]). 513. 

« Op. c'if., Vol. VI, p 628. 

7 Op. ra., Vol VII, p. G28. 

« Op. cit., Vol. XXII, p. 513. 
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Jangi ok JaNji River. — In this river according* to Colonel Hannay,' 
15 men wavshed for twelve days and obtained 74 tolas of gold. 

Bari Dihing River. — Colonel Hannay mentions^tliat a party of traders 
in salt^ 24 in number, washed for gold for one month in this river and 
realised only 12 annas weight, or about 12 rupees^ worth. 

Lakhimpur District. — This district a 2 )pears to include a greater 
number of named and distinctly auriferous rivers and streams than the 
whole of the rest of Assam put together. The total yield of gold about 
1853 was, according to Colonel Dalton, twenty pounds weight per annum, 
worth, say, about c€ 1,200. Here too the Bhramaputra, or as it is called 
above Debong Mukh the Lohit, contains gold in sufficient abundance to 
be washed for. The principal tributaries of the Bhramaputra on the 
north which yield gold are the Dikrang, Borpani, Subanshiri, Sisi, 
Dihong, Dibong, Digara, and on the south the Joglo and the Noa Dihing. 

Bhramaputra River. — Colonel Hannay states'^ that about the year 
1 838, above Sadiya, a party of gold-washers, consisting of 12 men, washed 
for 20 days and realised seven tolas of gold. In the vicinity of Tengapani 
Mukh a party of Kacharis, GO in number, washed for live days and realised 
25 rupees^ weight of gold ; also 35 men for one month, who collected 
half a tola or 8 rupees^ worth of gold each. 

In the year 1853^ the total outturn of the Bhramaputra was said to 
be from one pound to a pound and a half weight of gold per annum. 

In the year 1855 Colonels Dalton and Hannay were requested by Gov- 
brnment to make a further and more conijdete examination of the 
auriferous deposits of Ui)per Assam than they had previously done. They 
first commenced operations a few miles above the Bhraniakhund gorge ; 
but finding the deposits less rich as they penetrated further into the hills 
they returned to Parghat, 8 miles below Bhramakhund. 

Here the river debouches from the mountains after cutting through 
an enormous deposit of earth and boulders to the de])th of 150 feet. 

The gold obtained above Parghat contained a certain })ro])urtion of 
dendritic and crystalline particles, while below that point it consisted of 
flattened spangles {pepile?), evidently the result of attrition. 

The actual source of the gold was not ascertained. At Bhramakhund 
there are slates and felsites m sHu, Travelled boulders of granite, gneiss, 
&e., were observed there, as also much white, ferruginous, and cellular 
quartz. The latter was possibly the matrix of the gold. 

^ Jonr., As. Soc., Bcnf^al, Vol. Vll, p. 628. 

2 Idem, p. 627. 

•’ IdcWy p]). 627, 628. 

^ 0/7. cil., Vol. XXII, p. 511. 
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Gold from the Bhramaputra forwarded by Colonels Dalton and Hannay^ 
which was assayed by Dr. T. Boycott at the Calcutta Mint, yielded only 
88*281 per cent, of pure gold.^ This confirms an opinion of Muniram 
that the gold obtained from the Kacharis was of an inferior character 
because they always obtained it in the Bhramaputra. 

This gold was obtained partly in a Californian cradle worked by four 
men at Gururaora, 18 miles below Bhramakhund. Two and a half tons 
of stuff which were passed through it yielded 30 grains, or in value 
Rs, 2-8. In the native trough (or duruni)^ worked by three men, the 
yield from 18 cwt. of stuff washed in one day was about 12 grains, or 
in value 1 rupee. The natives looked u])on this as a poor yield, stating 
that after a flood they sometimes got double that amount. 

Dikrang River. — This river has a long course and enters Lakhimpur 
from the Dufla hills if it does not rise in them. It was formerly noted ^ 
for the quality and quantity of the gold fouiKl in its sands. 

Borpani.— This river is said to be a tributary of the Pisola, a name 
not on the map. There is, however, a Borpani, a tributary of the Dikrang. 
It is said'* to have been more remarkable for the quantity than the 
quality of its gold. 

SuBANSHiRi River. — There is little recorded about this river, but the 
average yield about the year 1 853 was from three to four pounds weight 
of gold. It was thus one of the most valuable.* 

Sissi River. — Colonel Dalton^ estimates the average yield from the 
gold-bearing sands of this river to be 15 grains to a ton. About one 
pound weight of gold was obtained per annum from this stream. 

Dihong River. — The gold from this river contained 90*234 per cent, 
of pure gold. It is alluded to as being one of the richest in Assam. In 
the experiments conducted by Colonels Dalton and Hannay^ tons of 
gravel yielded 90 grains of gold, or at the rate of 16^ grains per ton. 
If the large fragments which can be removed by hand be excluded the 
yield would be 22 grains per ton. 

The Californian cradle used on this occasion was found to give 
proportionally more to each of the four men employed upon it than 
did either the native trough with its three men, or the Singpho 
washing-dish with two. The annual yield was from two to four pounds 

» Mem., G. S. I., Vol. I, p. 93. 

2 Jour., As. Soc., Bengal, Vol. VIT, p. 622. 

3 Eastern India By Montgomery Martin, Vol. Ill, p. 616. 

Idem 

^ Jour., As. Soc., Bengal, Vol. XXII, p. 511. 

* Idem, 

’ Mem. G. S. I., Vol. I, p. 92. 
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of pure gold apparently, but the name is printed Dibong {vide infra^ 
Dibong). 

Dibong Eiveu. — The annual yield of gold from this river was esti- 
mated in 1853 to be from one pound to one and a half pounds in weight ; 
another statement is that it is from two to four pounds. In one of 
these cases it is evident that Dibong is a misprint for Dihong, ' 

DiOAiio River.— About 5 miles from its junction with the Bhrama- 
putra, gold was found by Colonels Dalton and Hannay in the bed of 
this river, but only in small quantities, and higher up stream washing 
was not successful.^ 

JoGLO OR JuQLA River. — This river rises in a range of small hills 
which stretch across from Jaipur to Sadiya. After a very short course 
of a few miles it falls into the Buri Dihing. 

In the Joglo the soil and sand is scraped from the banks and washed; 
that which has collected about the roots of trees, especially about those 
of tree ferns, is considered to be most rich in gold.^ Allusion has been 
already made to this above, and also to the tradition that in this tract 
a native traveller found gold in lumps attached to an edible root. In 
olden times it is said that from the richness of the gold here the area 
through which the river flows was kept as a royal preserve, and Muni- 
ram says that the gold brought by the Sonwals of this tract was the 
best in all Assam. In the year 1853 it was visited by Colonel Dalton,^ 
who states that it had been deserted by the gold-washers in conse- 
quence of it costing more to propitiate the evil spirits of the place who 
guarded over the mineral treasures than they could afford to pay. As 
the spirits were not considered to be hostile to Europeans, Colonel 
Dalton, without any preliminary propitiation, set the washers who were 
with him to work. The ancient alluvial deposit here appears to be of 
very considerable extent and thickness. A stratum of gravel, about 
15 feet above the highest water-mark, was proved to contain gold. The 
natives made use of a sluice by forming two embankments with bamboo 
and rubbish, thus dividing the river into three channels, which enabled 
them to turn the water in or out of the central channel into which 
they collected a heap of gravel. By means of sieves they removed the 
larger pebbles, while the current carried away the finer sediment. The 
residue was then washed in pans with much more satisfactory results 
than usual. 


* Jour., As. Soc., Bengal, Vol. XXII, p. 514. 
^ Mem., O. 8. 1., Vol. I, p. 91. 

’ Join,, As. Soc., Bcrij^al, Vol, VII, p, 

‘ Op. eit., Vol, XXII, p. 511. 
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Colonel Dalton^s rough estimate of the outturn was 18 grains of 
gold to the ton of rubble which was washed. This was equal to about 
8 grains per man per diem. He points out that before the yield of this 
field can be properly ascertained the base of the deposit should be exa* 
mined. 

Noa Dihing. — According to Colonel Hannay* a party of 20 K^haris 
who washed in this river for three months, towards the end of 1837, 
obtained 10 tolas weight of gold, which was sold at Sadiya at the rate of 
Rs. 12 per tola. Their earnings, .therefore, were Rs. 2 per man per 
month. Colonel Hannay vemarks on the fact that after the coarser 
portions are removed the residue includes a number of minute and 
beautiful crystals of quartz. This has not been noticed elsewhere in 
Upper Assam. 

During the examination made by Colonels Dalton and Hannay in 
1855,^ the Noa Dihing was found to contain gold in larger proportions 
than the Bhramaputra, but only in the form of minute spangles, very 
liable to be carried away in the washing. The gold was found to diminish 
in quantity as the hills were neared. Traces of platinum were obtained 
with the gold. 

Khasi Hills. — There is a sample of gold in the geological museum 
which is said to have been obtained in the Khasi hills, and Dr. Oldham 
obtained traces of gold in the iron sand from these hills. 

Manipur State. — For an account of the production of gold in 
Manipur we must go back to a letter by Captain Grant to Mr. Swinton, 
dated April 1832.^ The principal interest in this letter centres in the 
description of the method of washing. The sand and gravel is first 
placed in a sieve and the finer parts fall on to a hollowed plank, 4 feet 
long and 24 feet wide at the upper end and 14 feet at the lower, which 
is open, the top and margins being protected by a rim or margin half an 
inch high. The lower half is cut into grooves half an inch deep and the 
same in width. The fine sand caught in these grooves is washed in a 
wooden dish resembling a shield in shape, which has a polished black in- 
ternal surface and a receptacle in the centre ; placed floating in the water 
it is revolved till all the sendiment is removed and the iron sand and 
gold left remaining. The river in which the gold occurs is called the 
Ningthee. By means of the above described implements about 1 grain 
of gold was obtained in a quarter of an hour. 


* Jour., As. Soc., Bengal, Vol. VIT, p. 627. 

2 Conf. Gold Fields of Victoria by R. Brough Smyth, p. 260;*. 

3 Mem., G. S. T., Vol. 1, p. 91. 

* Jour., As. Soc,, Bengal, VoL 1, p. 148. 
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Tipperah.~Tlie occurrence of gold in Tipperah is not indicated by 
any recent authority, but Tavernier,^ in his enumeration of places where 
gold is produced in Asia, mentions the kingdom of Tipra, for which 
perhaps we should read Assam, He says the gold is coarse, almost 
as had as that of China/'^ 

British Burma. — Within the limits of British Burma gold has 
been found in the beds of the Irawadi and some of its tributaries, in 
the Pegu division, and in the beds of. the Sittang and tributaries. The 
Tavoy river and the Great Tenasserim and tributaries in the Tenasscrim 
division, also contain auriferous sands, but the gold-washers^ trade appears 
to be very unremunerative. So far as is known no gold has been found 
in the Arakan Division. 

Pegu Division: Prome, Lat. 18° 47' 53'; Long. 95° 18' 18". — 
Mr. Theobald^ states that gold was occasionally washed for in the sand 
of the Irawadi opposite Prome, but he himself only witnessed it at the 
following locality. 

Shwe-Gveng, Lat. 19° N. ; Long. 95° 5' E. — Mr. Theobald 
spells the name of this place, which is in the Pegu division a little above 
Monyo, differently from that of another locality presently to be men- 
tioned, which is in the Tenasserim division ; but in the Gazette of British 
Burma they are both spelt as above. The word means gold-wash- 
ing. 

The gold is found in a coarse gravel, and the sand, after the removal 
of the coarser portions by a strainer, is washed on an inclined board. 
The heavy portion caught on the board is then finally washed in a cir- 
cular hand-dish, and the gold is amalgamated with mercury. The earn- 
ings are said to be small, not more than two or three annas, a miserable 
remuneration where the ordinary hire for a cooly is eight annas. 

Tenasserim Division. — Shwe-Gyeng, Lat. 17° 54' 40" N. ; Long. 
9G° 51' 15" E.— In tlie year 1853 Captain Wyndham visited the gold- 
washings which are situated near the junction of the Shwe-gyeng and 
Moot-ta-ma rivers, about 10 miles to the south-west of the town of 
Shwe-gyeng, on the Tsit-toung (Sittang). These washings are known 
to be of great aniicpiity, and in the time of the Native Government there 
was a Parmer General w^ho paid a certain sum to the royal treasury and 
sublet the privilege of washing to numbers of persons. 

Specimens of tlio gold-bearing sands which wore obtained by Captain 
Wyndham were forw\arded to Dr. Oldham^ who reported upon them. 

’ Travels, Part TI, Book II, p. 156. 

^ Mem., G. 1., Vol. X, y. 343. 

OjK ci(., Yol. 1, p. 94. 
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In a fifth of a cubic foot *75 of a ^rain was obtained by washing and in 
addition *20 by amalgamation, in all *95 of a grain. The sand consisted 
of particles of metamorphic rocks with schorl and magnetic iron. Two 
nuggets purchased in the bazaar, and which may have come from the 
Shan States, were imbedded in cpiartz. The gold dust contained 92 per 
cent, of pure gold and 8 per cent, of silver. 

Subsequently this locality was visited by Mr. Theobald/ who says 
that the auriferous beds presented much resemblance to those containing 
gold in Russia, and which had been described by Sir R. Murchison in 
his Siluria. From the marked scarcity of quartz pebbles he concluded 
that quartz was not the sole matrix ; he believed that tlie gold was de- 
rived fi-om the rocks near the sources of the Moot-ta-ma, and his esti- 
mate of the daily earnings of the washers was only 5 annas per man. 
Subsequently some Chinese tried washing here, but did not find the 
work sufficiently remunerative so they gave it up.'^ 

In the year 1867 Mr. Abcrnethy ,3 an Australian miner, aided by the 
Government, penetrated further than the Chinese usually worked, but 
was unable to make the work pay. He condemned the sources of the 
gold as being steep and rocky, and having a hard smooth ledge upon 
which gold is seldom found in paying quantities. 

He also examined the sources of the Baw-ga-ta with much the same 
result. None of the accounts quoted state whether there arc any quartz 
reefs in this region or not. 

Yay oil Re, Lat. Ib'^ 15' N.; Long. 97'^ 53' E. — According to the 
Rev. Mr. Mason, gold is found in the streams which fall from the granite 
ranges between Yay (Re) and Monmagon or Moung-rna-gan. 

Henzai, Lat 14° 48' N ; Long 98° 10' E. — The last-quoted authority 
states that gold was found by Mr. O^Riley with the tinstone at this 
locality. 

Tavoy, Lat 14° 5' N ; Long 98° 10' E. — Gold is also said to occur 
with the tin ores which are found cast of Tavoy. The richest deposit 
is one of red earth and pebbles near the source of the Tavoy river. On 
the eastern side of the range, at the base of which this deposit rests, the 
Siamese Government, according to Dr. Morton, who is quoted by the 
Rev. Mr. Mason, employ several hundreds of men permanently to wash 
for gold ; each man is expected to find one tickaFs weight, or about 20 
rupees^ worth of gold per annum. In former times the Burmese Govern- 
ment exacted a similar service on the Tenasserirn side. 

^ Report on Administration of British Burma, 1863-64, p. 56. 

2 Ojw. ci7., 1866-67, p. 96. 

3 Op, eii.y 1868-69, p. 107 ; and Gazette of British Burma, Voh II, p. 649. 
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A native officer in Tavoy obtained about 10 rupees' worth of gold in 
nine days' washing. The composition of this gold, according to an assay 
at the Calcutta Mint, was— gold, 87*895; silver, 9*241; base metal, 
2*864; total, 100. 

V TfiNASSERiM, Lat 18° 8' N.; Long. 98° 55' E. — According to Dr. 
Heifer 1 almost all the tributaries of the Tenasserim river contain gold. 
Near the old town of Tenasserim there are, or used to be, pits sunk in the 
alluvium from which gold was obtained. It is stated that the workers 
sometimes obtained one or two annas' weight during the season. 

Upper Burma. — The use of gold in Burma, both for the purpose of 
ornamenting buildings and decorating the person, is universal through- 
out, but it is perhaps more prominently brought to notice in the cities 
and towns of Upper Burma. A portion of this gold is obtained from 
washings in the country, but by far the greatest amount is imported 
from China. Mr. Spears, as quoted by Dr. Oldham in 1855, estimated 
the average imports at 1,100 lbs. weight, and the indigenous gold which 
was brought to the capital at 360 lbs., making a total consumption of 
1,460 lbs. Except when manufactured into leaf the export was prohi- 
bited. 

It seems probable that the gold of Upper Burma is more frequently 
doubly derivative like the gold of Assam than is that of Lower Burma, 
which in some instances certainly comes directly from the crystalline 
rocks. 

Hukong'^Valley. — Captain Hannay^ enumerates gold with other 
products of the Hiikong valley. It is found both in dust and in pieces 
of the size of a large pea. Tlie rivers which produce the greatest quan- 
tity are the Kapdup and Nam Kwan ; pits are dug on the banks of the 
former, and the gold is found in the old alluvial deposits. In quoting 
the above account Dr. Anderson adds to it that he was told by a Kamthi 
Shan and the Chinese at Moraein that gold is abundant near the sup- 
posed junction of the two main streams of the Irawadi, in the Kamthi 
country. 

Kannee Myo, Lat. 22'’ 30' ; Long. 95°, on the Kyendwen River. — 
When describing the occurrence of platinum at this locality {vide p. 169), 
the mode of collecting the gold with which it occurs has already been 
mentioned. Homs of the wild cow, with the hair on, were planted in 
the beds of the river to arrest the gold, and when charged with the 
spangles were sold for 12 or 13 tickals each. The addition that deers' 
horns were sometimes used for the same purpose is a complete puzzle, as 

* Second Report on tlie Provinces of Ye, Tavoy and Mergui j Calcutta ; 1839, p. 34. 

* Joujr , As. Soc., Bengal, V61. VI, j>, 270. 
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tho velvet on deers' horns could hardly act in this manner ; the use of 
deers' skins would be intelligible enoughs 

Upper Irawadi.— In the upper parts of the Irawadi both at Bhamo 
and near Thingadhaw^ where the coal mines are, gold is obtained in the 
sands/^ Near the coal mines of Ket-zu-bin, which are some miles about 
due south of those of Thingadhaw, Dr. Anderson^ states there is a small 
rivulet which is auriferous ; he was informed that a single washer could 
earn the eqivalent of 3 shillings a day. A few miles nearer Thingadhaw 
the Ponnah creek contains gold ; but the washers are described as being 
miserably poor ; they stated that much larger quantities were obtained at 
Shwe Gyeng two days' journey northwards. Dr. Anderson also records^ 
that when at Bhamo he was shown a small quantity of gold in grains 
as large as peas, which he was told came from a hill to the north of the 
village of Ponline, 

Silver; General Remarks. — Silver occurs native and alloyed with 
gold, but one of its most common modes of occurrence is in combination 
with sulphur as a sulphide, and when in this condition it is often associated 
with sulphides of other metals, such as lead, antimony, copper, arsenic, 
&c., &c. Its occurrence as a chloride appears to have been only once 
recorded in India. 

Although there is abundant evidence to show that by metallurgical 
processes the natives of some parts of India were able to separate silver 
from gold, and also to extract the silver from argentiferous galena, there 
appears to be no very direct proof forthcoming that silver was ever 
produced to any large extent in the peninsula, though it is not impro- 
bable that such was the case. It may be a disputed point as to what 
countries were indicated by Pliny in the following passages in so far as 
they refer at least to silver : The Dardaneans," he says, inhabit a 
country the richest of all India in gold mines, and the Scire have the 
most abundant mines of silver." Again : In the country of the Narese, 
on the other side the mountain Capitalia {i,e. Mount Abu), there are a 
very great numl)er of mines of gold and silver in which the Indians work 
very extensively." These passages have already been quoted in reference to 
gold. It has been suggested by Mr. Calvert that the country of the 
SetfB was the Wazir4-rupi, or silver country of the Wazirs, i,e. Kulu, 
where argentiferous galenas undoubtedly do occur [vide Chapter VI). 


1 Jour., As. Soc., Bengal, Vol. I, p. 16, and Vol. Ill, p. 207. 

2 Oldhain. Embassy to Ava, Appendix, p. 344, 

3 Expedition to Yunan via Bhamo, p. 200. 

^ Idem, p. 69. 
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General Cunuingbam many years ago, however, expressed an opinion 
that the passage ending vero argente may have referred to the Seths 
or native bankers in whose hands the wealth of India has been for ages. 
But one of his reasons for doing so was that the existence of ores con- 
taining silver in India was not then genei'ally recognised. 

As for the silver mines in the country of the Nare», it may be that 
they were identical with some of the numerous ancient mines in South- 
ern India, where we know that argentiferous galena was found [vide 
Chapter VI). These are situated in the districts of Kadapah and 
Karnul, and were therefore in the vicinity of, if not actually included in, 
the country of the Nairs or Malabar; the silver may have been brought 
to the ports of Malabar and there sold to Chinese and other traders. 
There seems to be good reason for believing that the Chinese did obtain 
silver from India ; it was a metal more highly esteemed by them than 
gold, for which they were willing to exchange it, according to Taver- 
nier,* at par I who says that except in Japan there were no silver mines 
in all Asia. However, in another place he mentions gold and silver 
mines in Assam [op, cit,, p. 187). 

Marco Pohv *** lii*^ description of Malabar, states that ships coming 
from the East to trade there brought gold and silver, together with silks, 
spices, &c., to exchange for the products of the country, but in his time 
the local production may have ceased or the silver may have come from 
other countries to be reshipped to China, where there has been always too 
great a demand for it to make it likely that it was exported from 
tlience. 

It has been thought by some that names compounded of the word 
Chand or silver, which belong to certain towns and rivers in the Bhagul- 
pur division of Bengal, may have reference to an early knowledge of 
the fact that the ores of lead which occur in their neighbourhoods were 
argentiferous. 

The extraction of silver from argentiferous galena is probably still 
practised in Kandahar, and possibly also in Kashmir; but the only region 
where it seems to be a regular industry is in the Shan States. Dr. 
Balfour states, however, that at Jungumrazpilly, in Kadapah, the natives 
extract silver from galena by a tedious, clumsy, and expensive process in 
which the lead is all lost. This may be a remnant of the former manu- 
facture to which, as is suggested above, Pliny^s allusion refers. 


» Travels, EagVisli Edition, Part II, Book II, Cliap. XXIII, p. 156. 
2 Colonel Yule’s Marco Polo, Vol. 1, p. 150. 

^ Cyclopiedia, Avt, — Galena. 
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Marco Polo^ speaks of mines containing a great amount of silver 
ore in Badakshan, upon which Colonel Yule has remarked that he does 
not know of any nearer than those of Prayan, in the valley of Panjshir, 
south of the crest of the Hindu-kush. 

In the table which follows there will be found enumerated all the 
well-autbcnticated assays for silver of the ores of lead and copper in India 
which have been proved to be argentiferous. A second table gives the per- 
centages of silver which have been found alloyed with Indian gold from 
different localities. As the information available in reference to the abun- 
dance of the galena is given elsewhere, it will be unnecessary to anticipate 
it here. 

There are, however, several recorded cases where native silver has been 
said to have been found, and to these reference must first be made. 

Madras : Mysore. — According to Sir W. Ainslie,^ Captain Arthur 
discovered silver in its native state in thin plates adhering to some 
sj)ecimens of cubical crystals of gold. He is also said to have found it 
in the condition of chloride associated with iron pyrites. These state- 
ments, though scarcely of economic importance, have been so frequently 
quoted in works on Southern India that it has been thought well to 
reproduce them here. If the assays by Dr. Scott of the Kaniul galena 
are to be depended on they indicate an extraordinarily rich ore : 374 oz,, 
175. oz. 3 dwts., 1()5‘76 oz. of silver in the ton of lead; but in his 
original examination, according to Dr. Balfour, he found no trace of 
silver. If these amounts were really found by careful assay then the 
Karnul galena mines certainly deserved the title of silver mines. 

Begardingsome Kadapah galena from amine, 8 miles north of Kada- 
pab town, which had been worked by Tipu Sultan and abandoned as being 
unprofitable, Dr. Heyne^ states that, on analysis by the Assay Master 
in Bengal, it was found to contain, according to a letter from Dr. 
Roxburgh, 11 per cent of silver, for which, probably, we should read 
eleven ounces to the ton : since 11 per cent otherwise stated means 246*4 
lbs to the ton — an incredible amount. 

The average percentage of silver alloyed with the gold of the 
Wynaad has been stated to be about 15 per cent., but it is probably 
less. 

Rajpntana : Ajmir District. — A statement exists which may be 
taken for what it is worth, that silver was found in sand in a well 

* Colonel Yule’s Marco Polo, Vol. 1 1, pp. 325 and 327a. 

^ Materia Medica of Ilindustair- Madras, 1813, p. 58. 

3 Tracts, p. 316, 
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situated in the western portion of the city of Ajmir, called the Lakhan 
Koti, but the amount realised was insignificant.^ 

Bombay : Dharwar District. — In the streams from the Dambal or 
Kappatgode hills, native silver was found by Captain Newbold® in email 
quantities. It was associated with native copper in the gold-dust which 
was being washed for. A fragment of a grey ore of silver was also 
met with, and some white metallic particles, which it was thought might 
be silver. Some particles of native silver were subsequently found under 
similar circumstances by Mr. Foote.® 

A rumour that silver occurs in the volcanic island of Adjar, ofE the 
Kattywar coast, to say the least, needs confirmation, of which at present 
there appears to be none. 

The following account of the method of extracting silver from galena 
in the Shan States is given as being probably fairly representative of 
the native process generally. 

Upper Burma: Shan States. — At Kyouktat, a large village, there 
are some smelting works for the argentiferous galena which occurs in 
the limestones of the district ; the precise position of the mines could 
not be ascertained by Mr. Fedden,^ who gives the following account of 
the process. The ore is put into a small cupola or blast furnace, together 
with charcoal and a proportion of broken slag. The cupolas are made of 
clay and are about 3 feet high and from I t to 16 inches in diameter. 
The blast is produced by means of wooden cylinders with pistons, which 
are worked by two women who stand on a staging for the purpose. 

As the galena is reduced by the sulphur being driven off, the metal 
accumulates at the bottom of the furnace, and it is then run out and cast 
into pigs, which on setting are removed to the refining shed, where they 
are placed in a reverberatory furnace, in which the fuel, consisting of 
large pieces of charcoal, is kept supported on fireclay supports just above 
the molten metal. The litharge formed on the surface is removed by 
means of an iron roller, and the process, which may last for twenty-four 
hours, is repeated till all the lead has been abstracted, apparently without 
the aid of cupellation, and the silver remains, in such a pure condition that 
until it has been alloyed by the silversmiths it is not used for currency 
and jewellery. The litharge is subsequently reduced in order to convert 
it hack to metalhc lead. The smelter at Kyouktat buys up all argenti- 


’ Selections from Records, Government of India, Vol. CXIX, p. 67. 

^ Ma<lra8 Jour., Lit and Sei., Vol. XI, p. 43. 

3 Records, G. S. 1., Vol. VII, p. 140. 

^ Salween Surveying Expedition : Selections from Records, Government of India, Vol. 
XLIX, p. 39. 
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ferous and cupriferous refuse from the silversmiths^ shops and separates 
the metals in his furnaces. 

Table of Assays showing the amount <f silver per ton of lead * obtained 

from galma. 



1 

Analyst. 1 


Sample from whom 

District. j 

Name of Mine. Oz. Dwts. Grs 


Date. 

received, or 
Reference. 


Madras. 


Kadapah 


. 


Kaknul 


Jungumrazpilly 

10 

14 

0 

X P. W. Wall 

1856 

Do. 

13 

13 

0 

) 


Do, . 

6 

14 

12 







> A. Tween . 

July 1871 . 

Do. 

2 

15 

12 

5 


Do. . • 

22 

7 

0 

P. R. Mallet . 

May 1879 . 

Lunkamulla . 

0 

2 

0 



Do. 

8 

4 

0 

1 






y P. W. Wall 

1868 

Raswapur 

8 

4 

0 

1 


Do. 

36 

7 

0 

J 


Guzalpully 

5 

10 

0 

P. W. Wall 

1868. 

Koilkontla 

13 

0 

0 

Do. 


? . . . 

374 

0 

0 

Dr. Scott . . 


? . . . 

176 

3 

0 

Do. 


P . . . 

166 

16 

0 

Do. 

Jany. 1869 


P. W. Wall. 

W. King. 
Do. 


r.W.Wnll, Madiwi 
•Tour, of Lit. and 
Sci. Vol. XX, p, 
2U4. 


C Dr. Balfour’s 

< (’yolopiodia, Art,- 
C Galena. 

I Report to oflRoer in 

< charge of Govt, 
t Central Museum . 


Bengal. 


r 

Bairuki t 


29 

8 

0 

Johnson and Ma- 

0 tr. 1866 

J. Barratt. 








they. 




SONTAL PbBG. S 

Laksmipur near 









j 


\ 

60 

6 

3 

A. Tween . 

cc. 1860. 



c 

Nia Dumka 

) 








/ 

P 


63 

8 

14 

X F. R. Mallet 

May 1871 . 

/ CommiRsionor 

of 


? (Gaugne) 


3 

18 

9 

) 


t Bhagalpur. 



Pliaga P 


68 

2 

22 

A. Tween . 

June 1876 . 

C. 11. Denliara. 


Bhagalpub .1 

Phaga t 


66 

1 

0 

C. Ilonwood 

1879. 



\ 

Do. 


103 

2 

12 

Chom. Exr. to 


f P66 ebittocks 

to 







Govt. 


\ the ton. 



Dudijor f , 


42 

3 

0 

C. Uenwood. 




\ 

Kejaroa 


46 

4 

3 

Do. 




f 

? 


6 

7 

19 

') 




Birbhum . < 






> A. Tween , 

1869. 



1 

? 


21 

14 

11 

) 




( 

Dhadka . 

, 

119 

4 

10 

A. Tween . 

June 1870 

V. BaU. 


Manbhum . < 










1 

Do. 


09 

0 

0 

P. R. Mallet 

April 1881. 



r 

1 

Hisatu t . 


70 

0 

0 

H. Piddington. 




1 

Hozaribagh 

1 

Do. 


0 

0 

0 

Do. 




1 

? 

. 

11 

16 

4 

A. Tween 

J une 1870 . 

J. Donaldson. 


Sirguja 

Bbclounda 


Trace 


Do. 

1804 

Col. Dalton. 


Do. P 

Chiraikhund P 




Li 

7 

0 

Do. 

June 1870 . 

Dr. Stratton. 

... 


• in wuiiie uttbfw til 

dagger thus t affixed. 
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Table of Assays showing the amount of silver per ton of lead * obtained from 

galena. — (contd.) 


District. 

Kamc of Mine- | 

Oz. Dwts. Gpb. 

Analyst. 

Date. ■ 

Sample from whom 
received, 
or Reference. 



Central Provinces. 



Samualpub 

Jlmnan ♦ 

1 12 6 0 

A. Tween . . i 

Feb. 1876 . 

V. Ball. 

Haipub 

Ciiicholi 

9 19 6 

Do. . . . 

May 1870 . 

B. B. Smart. 

llOBUNGABAD | 

Joga 

Slcomanabad * 

21 8 0 

19 12 0 

F. R. Mallet . 

A. Tween 

June 1879 . 

Juno 1870 . . 

Q. J. Nichollg. 

T. W. H. Iluglios. 


Rewah and Bundelkhand. 



llBWAH 

Burgowa 

IB 6 14 

6 4 12 

^ A. Tween . 

June 1870 . 

Dr. Stratton. 

Jhaitbi 


19 12 0 

Do. . . . 

May 1873. 

B. W. Colvin. 



Bajputana. 



MeTWAB . 1 


10 12 9 

A. Tween . 

[ Oct. 1873. j 

Pol. Ag., Meywar. 

pANCn Mehals 

GI'JAEAT . 

1 Jubhan 

Bombay. 

j 6 0 0 I 




Punjab. 



^ Kakal Gashl 

C Ilabibulla , 

■) 





j Flnancinl Comr., 

Hazaba • 

r 

18 

11 

P. R. Mallet . 

Sept. 1877. 

t Punjab, 



13 

10 

0 

1 



SlBMUB P . 


20 

16 

0 

1 A. Tween . 

Doc. 1885 . 

J. Henfrcy. 



24 

10 

0 

/ 



Simla 

Subathu 

10 

12 

12 

Do. 

1809 

J. Sehillcr. 


Parbatti river , 

22 

17 

8 

> A. Tween . 

1809 

P. Schiller, 


Do. 

89 

10 

16 

) 




Do. 

13 

14 

9 

V Do. . . 

Mar. 1870. 

F. Calvert. 


Do. ... 

17 

19 

8 

s 




Do. . . 

81 

16 

14 

V Do. . 

May 1870 . 

Do. 

Kulu , . \ 

Do. . . • 

38 

19 

6 

f 



Ballarng . 

65 

6 

16 

Do. . 

Oct. 1873 . 

A. G. Young. 


Komau Kot Kundi 

25 

6 

8 

Do. , 

Nov. 1873 . 

J. Calvert. 


? . . . 

46 

1 

4 

Do. . 

May 1874 . 

Do. 


P . . . 

t60 

12 

16 

Do. . 

June 1874 . 

Do. 


? . . . 

18 

1 

14 

Do, . 

Do. 

A. 0. Hume. 


P(No. 8lodc) 

20 

8 

8 

Do. , 

Do. 

1 J. Calvert. 

Dahnl 

. Shigri 

1 80 

0 

0 

T. W. H. Hughes . 

Sept. 1874 

Do. 


' In Bomo caseB the rcBults are stated to be per on of ore; those are distinguished in the tabic by a 
dagger thus f affixed. 
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TahU of Assays showing the amount of silver per ion of lead ^ obtained from 

galena. — (contd.) 


District. 

Name of Mine. 

0«. Dwts. Gr«. 

Analyst. 

Date. 

Samples from whom 
received, 
or Boferenoe. 

Mnsuri . . | 

? ... 1 

North-West Provinces. 

16 C 16 1 A. Tween . . j 

Feby. 1873.. j 

Col. Need. 


Nepal. 


Nepal 

j ? 

U 

14 

0 

A. Tween 

•lany. 1863.. 

CoJ. Lai Singh. 





Burma. 



Tonqhu . 

/ 

Bel ween IMuigatand 

20 

8 

7 

A. Tween . 

May 1871... 

Capt. Cooke. 

I 

the Vougutcu ? 

6 

14 

0 



( Loiter from E. 

Do. . . ( 

Do. 

0 

0 

0 

/ D. Waidio . 

1804 

3 O’ Riley, Esq., fo 

1 Chid' CouuniH- 


Do. 

Trace. 




V. Hiouer. 

V 

Do. 

6 

8 

0 

/ 



Amherst . 

Teetamcelay Hill . 

8 

3 

8 

1 Do, . . 

Mar. 1873 . 

M. Fryar. 

Do. 

Tcetalay Hill 

Trace. 




Do. 

Meeziuc Hill 

14 

14 

c 

Do. . 

Deo. 1872 . 

Do. 

Maulmaiit 


19 

6 

14 

A. Tween 

1864 

Capt. Cooke. 

Tavoy 

i 

Do, 


16 7 

Trace. 

8 

j Do. . . . 

Sept. 1863 . 

J Asst. Secy., Govt. 

1 of India. 

Tenasserim 

P 

4 

31 

14 

0 

7 

16 

Do. . . ^ 
Do. . . ) 

July 1876 . 

1 Col. Duncan, 8i‘(!y. 

\ to Chief Comr. 

f 

? 

13 

17 

8 

Do. . 

Oct. 1876 . 


r 

King Island . , 

13 

1 

8 





Do. 

11 

8 

16 

> A. Tween , 

Mar. 1872 . 

M. Fryar, 

Meroui 

1 

Do. . 

11 

0 

0 

) 



L 

P . . 

12 

6 

0 

Do. . . . 

Mar. 1872 . 

(■Messrs. Gillandora, 

• 







t Arbuthnot & Co. 

Bamo 


58 

14 

8 

Do. , , 

Juno 1863 . 

Dr. Williams. 

Yunan . 

Kyet You, three 




\ 




dayn’ march to 
north of Momein 

104 

10 

6 

) A. Tween . 


Dr. J . Anderson. 

Do. 

Ponsee Silver Mines, 




j 

1 Mar, 1870 . 



Khakhyen Hills . 

73 

13 

0 





' In Bomo casfia the results are stated to be per tou of ore j those are.distiajfuiHhod iu the table by a 
dogger thus t affixed. 
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Argentiferous Copper Ores, 



1 Name of Mine. 

Oz. Dwts. Grs. 



Samples flrom whonr 

District. 


Analyst. 

' Date. 

received, 
or Reference. 


Bengal. 


SONTAL Pbbqs. 

Bairuki 

62 

5 

0 

Johnson & Mathcy 

Oct. 1868i. 

Do. 

Do. (Pacos) 

86 

0 

0 

H. PIddington 

... 


( 

2 

6 

17t 

/ Messrs, Philips & 


SiKGDHUM 

j 

1 

2 

20t 

\ Darlington. 




0 

19 

ut 







Burma. 



Yoonzalin River . 

1 

6 

12 1 

[ D. Waldie 

j 1870 . 1 


Jour., As. Son., Ben. 
gal,VoU XXI, p.74 


ProedtfR., As. Soc.y 
Bengal, 187(V 
279 (O’ Bileyite). 


Percentages of Silver alloyed with Indian Gold, 


District. 

Locality. 

Gold. 

Silver. 

Analyst; 

Date. 

Reference. 




Madras. 



/ 

Alpha reef 

Devala reef . 

07-07 

93- 

3293 

7- 

^ A. Tween 

Doc. 1674 . 

W. King. 


Do, . . . 

84*7 

16-3 

Do. 

Sept. 1870 . 

J. W. Minchin. 

Wynaad . ( 

Monarch 

82-09 

11*32 

\ 



/ 

Do. . . . 

87-90 

12-04 

\ Do. 

Jan. 1876 . 

W. King. 

1 

Devala surface 

90-9 

8-67 

1 




Devala reef . 

86-86 

10-90 





Averages 

1 84-74 

14 03 




K olar in My- 
sore. 


91-60 

1 

16-3 

Do. 

Sept. 1876 . 

W. King.* 




Bengal. 



Jashpur 

1 1 

94*64 1 

616 

A, Tween. 

Dec. 1874. | 

Col. Dalton, 


^ In Rome caRos the results are stated to be per ton of ore; these are distiuguished in the table by j 
dagger thus f atbxed. 
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CHAPTER. V. 

COPPEE. 

CoPPBE — General remarks. Madras. — Trichinopoli — Kadapah — Karnul — Bcllaiy— Nellore 
— Hyderabad. Bengal — Bhagalpur Division — Cluitia Nagpur — Manbhum — Singh- 
bhum — Hazaribagh — Lohardaga. Central Provinces — Raipur — Jabalpur — Narsingbpur 
— Clmnda — Rewab and Bundelkband. Bajputana — Alwar — Bbartpur — Jaipur— Ajmir 
— Udepur — Bundi — Bikanir. Dbarwar. Extra Peninsular — Bulocbistan 

—Afghanistan — Punjab — Kashmir — North-West Provinces — Nepal— Darjiling— Bhu- 
tan — Western Duars — Assam — Burma. 

Copper ; General Remarks. — The copper ores of peninsular India 
occur both in the older crystalline or metamorphic rocks^ and also in 
several of the groups of transition rocks, as, for example, in the Kadapah, 
Bijawar, and Arvali groups. In extra-peninsular India they are found for 
the most part in higlily metamorphosed rocks, the precise age relations of 
which to those of the peninsula are not in all cases quite clearly made out 
as yet. 

The ore of most common occurrence is the copper sulphide or pyrites, 
but towards the outcrops it is commonly altered into carbonates or oxides. 
The associated minerals are in general identical with those which are 
found under similar circumstances all the world over. Recent analyses by 
Mr. Mallet have tended to clear up much of the uncertainty which 
attached to two minerals which were found in Indian copper mines, 
and were supposed, by those who first examined and described them, to 
be worthy of specific distinction : these were called respectively mysorin 
and syepoorite. 

As a rule, to which there are probably not very many exceptions, the 
copper ores of India do not occur in true lodes, but are either sparsely 
dissemminated or are locally concentrated in more or less extensive bunches 
and nests in the rocks which enclose them; occasionally cracks and 
fissures traversing these rocks have by infiltration becoihe filled with ore 
which thus resemble true lodes. 

In not a few of the cases about to be enumerated, it is believed 
that the ores exist only as the merest traces, but it is thought better to 
state here what is actually known regarding them rather than to pass them 
without notice. As will be seen from the following detailed descriptions, 
there arc, both in the peninsular and extra- peninsular regions, mines 
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of great extent whose histories are lost in antiquity. At the present 
day the extraction and smelting of copper ores is only carried on in 
the most petty manner. In the majority of cases the miners are unable 
to cope with the water which floods their mines, and, in spite of the 
fact that their earnings are small, the copper which they turn out 
cannot be sold at a price which would enable it to compete at the 
regular markets on equal terms with metal imported from Europe. 

Madras. — Traces of copper ores, in greater or less abundance, have 
been met with in the following districts of the Madras Presidency : 
Trichinopoli, Bellary, Kadapah, Karnul, and Ncllore. 

As will be seen from the following accounts, the ore appears to have 
been mined and worked at several of these localities to a considerable 
extent by the ancients, but the attempts which have been made to establish 
profitable mining by Europeans have not hithei-to proved successful. 

Trichinopoli District. — The gneiss in the neighbourhood of Ola- 
paudy and Vapoor, in the north of Trichinopoli, is frequently stained 
with the copper carbonates, and south of the latter Mr. H. Blanford* 
found several pieces of cupriferous veinstone, but did not succeed in 
discovering any in sUn. The specimens were considerably waterworn ; 
they consisted of quartz with nests of malachite, red oxide, fahlerz, 
and native copper. There does not appear to be any record of ancient 
copper mines having been found in this district. 

Kadapah District, — Traces of copper ores occur in the old lead 
mines at J ungumrazpilly, which are described in Chapter VI. According 
to Captain Newbold^ and Mr. Foote,^ faint indications of native copper 
impressions, supposed to be of crystals of copper pyrites and stains of 
the carbonates, appear to be the principal signs of its presence with the 
galena, 

Kamul District. — In this district copper ores occur in the Gooman- 
conda valley, in the hills east of Somadupilly and at Agriconda. 

Goomanconda, Lat. Long. 78° 14' 30^ — Traces of copper 

ores occur among the quartz veins and trap which traverse the Kadajmb 
rocks of the Calwa hills. At the western end of the largest of these, 
and immediately south of a hanging wall of quartzite to the west 
of Goomanconda, there is an old copper mine, upwards of 20 feet deep, 
which is hewn in solid rock, at various points along which there are 
trial pits. In the former the veinstone has been wholly worked 
out. Mr. Foote, who visited the locality, failed to elicit any information 

■ Mem., G. S. I., Vol. IV, p. 216 ; Tricliinopoli Manual, p. 69. 

= Jour., Koy. As. Soo., Vol. VII., p. 160. 

» Mom., G. S. 1., Vol. VIII, p. 269. 
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from the villagers as to the identity of the former miners. Only small 
traces of malachite^ azurite^ and purple copper were found, 

SOMADUPTLLY.— In the hills east of this village, which is stated to he 
to the west-south- west of the last-named locality, Mr. Foote ^ found traces 
of copper ores in a quartz vein, which- runs from east-north-east to west- 
south- west. They consisted of specks of copper pyrites and tiny 
cavities with films and acicular crystals of malachite. 

Agrioonda or Agnigundala, Lat. 16° 11' ; Long. 79° 47' 30^ — Dr. 
Heyne appears to have been the first to bring before the notice of 
the public the fact of the existence of copper ores and ancient mines 
at this locality, as he states that, in the year 1797, he laid a report of his 
discovery before the Government/^ 

Mr. Foote states that there were formerly extensive mining operations 
at this locality, and there are still many large pits to be seen. Traces of 
malachite and azurite form films on the surface of the joint planes on a 
hard, fine-grained whitish quartzite. The village of Guntapalem, which 
was the centre of operations, is now an abandoned ruin. 

Bellary District. — Captain Newbold^ states that there are ancient 
copper mines which were said to have been made under the direction of 
Ilyder Ali, on the lower ridge of the copper mountain range, 5 or 6 miles 
west of Bellary cantonment. They were abandoned as unprofitable. The 
ore was the green carbonate which occurred in thin layers filling up 
scams in a slate associated with hornblcndic and micaceous schists and 
gneiss. These excavations are not of great cxient. 

Nellore District. — The localities in this district where there are 
traces of copper ores, and where there have been mines, arc numerous ; 
but it is not easy to trace all of these on modern maps. The first 
writer upon the subject appears to have been Dr. Ilcyne,^ who in the 
year 1800 visited the Venkatagiri and Kulastri zemindaris, which ho 
says were situated between Nellore and Guntur, and with this statement 
commences a series of indications of position, which it is difilcult to 
reconcile owing to these names being repeated in different taluks. On 
a modern map of the Nellore district one portion of Venkatagiri is at 
the extreme south, and Kalastri is still further south in the district of 
South Arcot ; but the actual localities which Ileyne mentions are all 
apparently situated in or near outlying portions of these zemindaris, 
either in the northern part of Nellore or in the districts adjoining it. 

1 Mom., a. S. I., Vol. VIIT, p. 268. 

" .lour., As. Soc., Bengal, Vol. IV, p. 676 ; Tracts, p. 108. 

^ Jour., Roy. As. Soc., Vol. VII, p. 150; Bellary Manual, p. 96. 

'* Tracts, p. 108; Jour., As. Soc., Bengal, Vol. IV, p. 574. 
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In a paper by Mr. James Prinsep^ reference is made to the formation, 
in 1831, of the Indian Copper Mining Company in Madras, the object of 
which was to work these ores. A long quotation from a pamphlet by 
Dr. Heyne is made ; this pamphlet was published in Madras about the 
beginning of the century.^ A description and analysis of ores received 
by the Asiatic Society is then given. The existence of huge ancient 
excavations and hills of copper slag proves the extent of the early 
workings, and the small proportion of copper found in the slag affords 
testimony to the skill of the early metallurgists. Captain Newbold* 
gives a detailed list of mines and accounts of the peculiarities of each 
under the following heads : Kunchgarlaconda, Salighiri, Nila, Gunni, 
Bungheralmetta, Cumbaldinny, Yerrapilly, and Adimutipuram. The 
ores are said to occur both in the mass of, and in fissures traversing, 
hornblendic and garnctiferous schists, with which intrusive sheets of tra p 
are associated. As the principal mines were situated at or near the fol- 
lowing villages, it will perhaps be sufficient to mention them. 

Gaeimanipenta or Gunntpenta, Lat. 59® 30'; Long. 79° 37'. — 
This village, and anotlier called Yarajialli or Yerrapilly, 4 miles to 
the east of it, are in the centre of a district where there are mines of 
considerable antiquity. According to Captain Newbold,^ the natives of 
the locality attribute the working of the earliest mines to the kings of 
Bijanagar. Afterwards, when the Hindu empire fell in the year 1564, 
it is believed tliat the Mogul conquerors and the agents of Tipu and 
Ilyder successively carried on mining. The excavations are described 
as being of great magnitude and the extensive mounds of copper slag 
and scoria) testify to the fact that the mines were not worked in vaiu. 

A late explorer in this district states that the principal ancient 
native mines were not near this locality, but 30 miles further north, near 
Gorganpully, where there were mines 100 feet deep and several hun- 
dred feet long. Mines in the Venkatagiri taluk are said to have been 
worked by the Nawab of the Carnatic before the year 1780, but 
were given up on the assumption of the country by the British. The 
first attempt by Europeans to work the ores of these localities were 
made in the year 1803,^ and from time to time others have been made. 
Thus, in or about the years 1831 to 1835, Mr, Kerr and others failed to 
work the mines with profit, and in 1840 the Brothers Ouchterlony 
expended a good deal of time and money in an endeavour to establish 


* Jour,, As. Soc., Bengal, Vol. JV, p, 574. 

* Jour,, Hoy. As. Soc., Vol. A' II, p. 150, 

^ Op. rit., Vol. VJI, p. 58. 

^ NoUoio District Manunt P- 
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a profitable system of mining with the aid of an experienced Cornish 
miner, but they appear to have also failed. In 1867, the renewal of 
an old lease to work copper mines in the Kadapah and Nellore districts 
was sought for by Mr. J. Campbell from the Madras Government, but 
was refused on its original lines. Quite recently there has been a pro- 
ject for working these ores again, and some excavations along the outi- 
crops ai*e stated to have produced a large quantity of ore. 

The information as to the nature and extent of the deposits is far 
from complete, although much has been written on the subject. The 
evidence is conclusive that in certain places very rich ore was obtained, 
containing as much as 75 per cent, of metallic cop})er ; in others it 
appears to have been much mixed up with iron and quartz, &c. 

Mr. Lavelle, who recently extracted ore there, with a view to testing 
the extent of the lodes and for the purpose of obtaining samples to bo 
forwarded to England for assay, obtained a considerable variety of ores. 
Specimens of these were forwarded to Mr. King,^ who states that they 
included the following : — 

A — Clirjjsocolla (in garnetiferous schists of which the garnets, though 
small, might from their colour and transparency be called pre- 
cious garnets). 

B — Copper glance (chalcoeite), chrysocolla and malachite ; 

C — Chrysocolla, malachite and ferruginous red oxide (mysorin ?) ; 

D — Copper pyrites, chrysocolla and malachite in limonite ; 

E — Copper glance with chrysocolla and malachite. 

A very full account of these Nellore ores was published two years 
ago- by Mr. Mallet with special reference to the occurrence among them 
of mysorin and atacamite. He quotes the original description and 
analysis of mysoiin by Dr. Thomson, which was made in 1814, and the 
subsequent references to it in mineral ogical works, and also the analyses 
of these ores which were made by Mr. Prinsep. The conclusion he 
comes to from an analysis made by himself is that mysorin is simply an 
impure malachite, which owes its dark colour to admixture with ferric 
oxide and chalcoeite. For further information regarding these mines 
reference should be made to the authorities quoted. 

With regard to accessibility, we are told that Garimanipenta is within 
9 miles of a public road, which leads to the canal at Kaveley, and the ore 
from Gorganpully could be taken to Ramapiitnam, 20 miles distant. A 
cart carries forty maunds for 10 miles per rupee, and boats can be had to 
convey the ore at Rs. 2-8 per ton to Madras. 

^ Mom., G. S. 1., Vol. XVI, p. 83. 

Rcc<mlf«, G. S. 1., Vol. Xll, p. 171. 
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Mr. King*, in reviewing* the information which he has collected on 
the subject, is of opinion that to want of knowledge and other causes 
the early attempts to work these mines may be attributable, and not 
necessarily to a deficiency either in quantity or quality of the ore. 

Hyderabad.— Dr. Walker^ states that just below Yelgurrup, a vil- 
lage in the Ramghir Circar, there is an island which produces copper ore. 
A tradition exists that the ore was worked by Frenchmen in the service 
of a great talukdar named Zaffur-ood-dowlah. Dr. Voysey considered 
the ore to be poor and unproductive. The locality does not appear on 
modern maps. Mr, Vanstavern has communicated to the Geological' 
Survey the discovery of native copper somewhere in this region, but he 
had not visited the actual spot himself. 

Neelgoondah, Lat. 17° 3' ; Long. 79° 18'. — ^Traces of the copper car- 
bonates occur in the granites at Neelgoondah, according to Dr. Walker. 

Bengal : Bhagulpur Division, Birbhum District : Bonn Bandh> 
Lat. £4° 0' £0" ; Long. 86° 55'. — On Captain SherwilFs geological map of 
Bengal, as also on his ordinary survey maps, a locality is marked in the 
bed of the Adjai river, about three-fourths of a mile north-ea^t of the vil- 
lage of Bodh Bandh, where copper pyrites was found. A note on the map 
states that the mine was not worked in 1850. A specimen of ore from 
this locality is enumerated in the MS. register of the old Economic 
Museum. 

Deoghur District; Baieuki, Lat. 24® S5' 30"; Long. 86® 40' 15\— 
The discovery of copper at this locality was made by a native in the year 
1849, who brought specimens to Mr. Vincent, Deputy Magistrate of 
Deoghur. In January 1850 the spot was visited by Captain Sherwill,^ 
who obtained samples on and at short distance below, the surface, 
which afforded sufiicient material for an extensive and practical assay of 
the ore by Mr. Piddington.^ A letter published by Mr. Barratt^ in 1866 
describes the mining operations which were then going on. These 
accounts and some unpublished notes in the possession of the Geological 
Survey are the only sources of information regarding this deposit which 
arc available at present. 

The deserted excavations and rubbish heaps are situated close to the 
river, and within view of, being indeed only about 300 yards distant 
from, the chord line of the East Indian Railway, at a point about 5 miles 

* Madras .Tour, of Lit. and Sci., Vol. XVI, p. 183. 

^ Jour., As. Soc., Bengal, Vol. XX, p. 1; Friend of India, February 28tb, 1850. 

^ Idemy p. 3 ; and Vol. XXI, p. 74i. 

^ Addressed to Messrs. Mackey and Co., Calcutta, dated Birbbum Iron Works, December 
186G, p. 7. 
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north of the Baijnath station. Captain Slierwill states that on remov- 
ing the surface soil and digging to a depth of a couple of feet^ he hit 
upon a rich though narrow vein of copper ore, yielding 80 per cent, of 
pure metal. He traced the ore for about 100 feet and found galena asso- 
ciated with the copper. Mr. Piddington^s classified list of the specimens 
obtained at this locality is as follows. It shows that a considerable 
variety of valuable ores occur there. 


li't Group, Bright Peacock. 

Variegated or Peacock Dull Peacock, 
copper of miners • Marbled Peacock with a pale 
greenish gossan. 


2nd Group, c Dull massive grey copper, 

Grey coppers , .1 Bright grey copper. 

/ Bright red Pacos, 

I Dull pale red to liver-coloured ) 
A Pacos, 

Pacos and Colarados\ Dark hard veins resembling tilo 
of Peru and Mexico I ore with soft shining black 
V specks and veins 


3rd Group, 
Bed ores 




dtk Group, 
Green ore . 


i 


Bluish green, earthy carbonates of 
copper with bright red specks. ) 


( Bright large-grained galenas. 
Cupro-plumbito, an ore of copper 
and lead in diagonally lamellar r 
veins. ^ 

A. is estimated to contain 30 to 40 per cent, of copper, 
silver. 


A. 

B. 

C. contains silver, with 

a' pale greenish 
gossan. 

D. contains silver. 

E. 

F. contains silver. 

G 


H. contains silver. 


I. contains silver. 


J. 


K. 

It shows' no trace cf 


B. is simply an earthy inferior variety of the above. 

C. This is a vaiiety marbled with red and green earthy mixtures. It passes into 
gossan. 

D. This is called a lead fahlerz ; it contains 10 per cent, of lead and 32*7 of coppei* ; 
it contains no trace of antimony, but 0T7 per cent, of silver is present. 

E. Also a fahlerz with lead, but no silver. 

F. resembles specimens of Peruvian pacos silver, 0*21, and copper 21*8 per cent. 

G. also contains silver. 

H. The silver estimated to be one-tbird less than in F. 

J. Galenas, no silver, 

K. Cupro-plumbite in thin veins forming alternate streaks of a bright and dull 
dark-blue grey galena-like mineral. 


By the Mexican amalgamation process Mr. Piddiugton extracted 
silver from several of these ores. He was at first doubtful whether^ 
owing to the high temperature and moisture of Calcutta, the process 
would be successful. 

The report of the discovery of these ores created a good deal of 
excitement after the faot was announced ; hut at first the vision of a 
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new Peru in Dcoglmr caused a good deal of mystery to be employed. 
It does not a])pear that a regular company was ever formed, and the 
excavations along the outcrop, conducted by Messrs. Mackey and Co., 
not proving the existence of an extensive deposit, the matter was allowed 
to drop, though Mr. Barratt, a Mining Engineer, reported in glowing 
terms that the deposit was a chamjuon lode, 9 feet thick, and the assays 
by Mr. Piddington and Messrs. Johnson and Mathey sufficiently attested 
to the value of the ores. That by the latter was as follows 


Sample of copper and iron sulphide — 

Copper 38*44 

Iron ..... ..... 17*60 

Lead ........... *90 

Silver .......... *10 

Lime .......... 1*0 

Silica and aluiurna ........ 10*60 

Carbonic acid 7*25 

Sulphur 17*60 

Water (combined) ........ 3*45 

Oxygen ......... . 3*30 

Total . . . 1(K)’ 


At present, owing to the old excavation which extends for a distance 
of about 50 yards along the strike, it is not easy to see whether there is 
a true lode or not. The deposit certainly is in part included in a quartz 
neinstone, but it seems to permeate the schists and hornblendie gneiss ; 
a crystalline pegmatite too is also impregnated with carbonate of copper 
in films and strings. By a little excavation samples of pyrites are 
obtainable too from this rock, and also some red oxide, but there is 
nothing now to be seen upon which a definite opinion can be formed as 
to the extent of the deposit. 

Chutia Nagpur. — In this province copper ores occur in the follow- 
ing districts: in Manbhum at Purda and Kulianpur; in Singhbhum at 
numerous localities for a distance of 7 6 miles ; in Hazaribagh at Bara- 
gunda; and in Palamow at Daltonganj. In all these localities the 
matrices of the ores are rocks belonging either to the metamorphic or 
sub-mctamorphic series. 

Manbhum District Purda, Lat. 22° 59' 1 5" ; Long. 86° 37' 45". — 
About 1 mile north-east of the village of Purda or Poordah, which is 
in the pargana of Manbazaar, and 30 miles south from Purulia, there is 
an ancient copper mine, regarding the history of which nothing is cer- 
tainly known. 

‘Records, O. S. 1., Vol. Ill , p. 76. 
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That the exacavation was made for copper can only be gathered from 
the traces of the carbonates which are found on the debris scattered 
about. The deposit is situated along a line coincident with the position 
of the faulted junction of the metamorphic and submetamorphic rocks ; 
and it seems probable^ judging from the analogy to the deposits in 
Singbhhum, that the ore occurs partly disseminated in the schist and 
partly segregated in lodes. 

Kalianpur, Lat. 23° 2' ; Long. 86"' T 45". — This locality is situated 
about 32 miles due west of Purda^ and the dcj^osit appears to be of a 
somewhat similar nature. There is an ancient exacavation on the flank 
of a small hill near Kalian pur, from whence ore was probably extracted, 
as some stains of the carbonates are to be seen, and a small quantity of 
copper slag still lies at the foot of the hill, indicating that the ore was 
smelted on the spot. 

The occurrence of copper ores at Ilajgaon, not far from Dhadka, 
where galena is found, has recently been reported, but the statement 
requires confirmation. 

SirLghbhimi DistriOt. — The district of Singhbhum and the State of 
Dhalbhum include within their limits the most widely extended copper 
dej)osits at present known to exist in Peninsular India, traces of co])per oresj 
often principally marked by old excavations, being found for a distance of 
76 miles, or from the neighbourhood of Lopso, on the frontiers of Lohar- 
daga, to Kamerara, on those of Midnapur. This deposit appears to exist 
on a well-defined horizon of the sub-metamorphic or transition rocks 
and close to their base ; and it seems to be not improbable that the same 
horizon is represented to the north in Manbhum by the similar rocks 
which include the just-described copper ores close to and on the line of 
faulted junction between the submetamorpliic and metamorphic rocks 
of that district. 

As a rule the copper ores occur disseminated through the schists and 
the underlie of the deposit in general corresponds to that of the including 
rocks; but in some places the ores appear to be distributed in lodes, and 
the only safe conclusion to be drawn is that, as in some other parts of 
the world, there is a two-fold mode of occurrence, the lodes being of second- 
ary origin and having been formed by segregation of the ores in fissures and 
fractures which were caused by the' upheaval of the beds. If this be the true 
view, then the copper ores were originally deposited, either mechanically 
or chemically, at the same time as the other materials, and they were all 
together subjected to metamorphic action. Although it has been above 
said that the ore occurs in a zone in the submetamorphic rocks, there is one 
important exception which must not be overlooked. On the same general 
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line of strike the character of the rocks is locally inteiTupted in the 
neig'hbourhood of Kharsawan, wbere^ in a small area, rocks are found, 
which arc lithologically undistinguishable from those of the older crystal- 
line formation, and in them the copper ores also occur. At first, supposing 
these rocks to really belong to the older formation, the conclusion might 
be drawn that the ores must necessarily occur in original lodes, coming 
from the deep throughout ; but, on the other hand, rf the possibility of 
a secondary formation of lodes be granted as above, then by filtration 
and transfusion from above, these ores may have been deposited in fis- 
sures in the deeper rocks which were at one time no doubt covered over by 
the younger copper-bearing strata. This explanation appears a more 
satisfactory one than that originally suggested, namely, that these gneiss- 
ose and crystalline rocks of Kharsawan might merely owe their charac- 
ters to excessive local metamorphism, and were not really older than the 
less crystalline rocks of the sub-metamorphic series. 

Indications exist of mining and smelting having been carried on in 
this region from a very early period, and the evidence available points to 
the Scraks or lay Jains as being the persons who, perhaps 2,000 years 
ago, initiated the mining.^ The number and extent of the ancient 
workings testify to the assiduity mill which every sign of the presence 
of ore was exploited by these early pioneers and those who followed 
them up to recent times. The first published notice of the presence of 
copper ores in this area was by Mr. Jones in 1833.^ In 1854, Captain 
(now Colonel) J. C. Haughton* published a description of the mines, and in 
the same year they were visited and reported on by Mr. Ricketts.'^ Under 
the auspices of two Calcutta firms. Dr. Stcehr came out to India soon 
after, and on his report a company was formed in 1857. Mining com- 
menced at Landu and Jamjura,and from 1,200 to 1,300 cwts. of fine ore 
was turned out monthly. A heavy royalty of Rs. 9,200 yearly to the 
Rajas of Seraikela and Dhalbhum, an expensive establishment of Saxon 
miners and English smelters, the erection of a costly foundry and engine, 
and other premature and excessive expenditure led to the dissolution of 
the company in 1859. In 1862 an effort was made to start anotlier 
company with a capital of £120,000; but by 1864 its operations had 
ceased. According to the prospectus of this second company the royalty 
was fixed at half the previous amount. 

* Proedgs., As. Soc., Bengal, June 1869, p. 170. 

2 As. Res., Vol. XVIII, p. 170. 

Jour., As. Soc., Bengal, Vol. XXIII, p. 103, with map; in substance reproduced in 
a report by Mr. Durschmid, published in 1867. 

* Selections from Records, Bengal Government, Vol, XVI, p. 77. 



Economic Geology.] 


SINGHBHUM DISTRICT. 


249 


Numerous assays of the ores have been made, and these, with other 
details, will be found in the papers below quoted ; ^ but the really impor- 
taut question was not definitely settled by the operations of either of the 
companies. It was as to the abundance of the ores. Good ore was met 
with at many points, yielding a high percentage of copper ; but in most 
cases the unusual richness proved to bo local and confined to pockets, 
and unremunerative, copper-permeated schist, or absolutely barren rock 
was found further to the deep. 

At Laiidu, according to Dr. Stoehr, where the best ore was found, the 
cubic fathom of 96 to 150 cwts. of raw ore gave an average of 6 per 
cent, of copper, and the cost of the same, including haulage, amounted 
to Ks. 22 to Rs. 23 per 100 cwts. of raw ore; the average of 100 cwts. 
when hand-picked gave the following results : — 

3 cwts. of rich picked ore . . . 20 to 36 per cent, copper. 

CO „ average ore . . . 8 to 9 „ ,, 

13 „ dust ore . . • , 0 to 6 „ „ 

24 „ rubble and poor ore • . J to IJ „ „ 

100 

All the poor ore was regarded as rubble for crushing. In the best of it 
there occurred but 8 to 10 per cent., very seldom 20 per cent. 

The mine at Landu was carried to a depth of 212 feet, but at 190 
feet the ore had died out ; whether there only happened to be an interval 
of poor ground there, and richer ore occurred further to the deep, it was 
impossible to say. 

Copper pyrites was first struck by the second company at Rajdoha 
just before operations ceased. All the ore previously obtained had con- 
sisted of the carbonates and oxides and some glance copper with traces 
of other rarer ores. In Dr. Stoehr's time but little pyrites had been met 
with. 

Traces of silver were found in some of the samples which were 
assayed, but not in all. The results are quoted in Chapter IV. A very 
small percentage of the precious metals sometimes enables inferioT copper 
ores as at Eislebeii, in Prussian Saxony, to be worked with profit, though 
the actual manufacture of the copper may itself be carried on at a loss. 

Should the proposed line of railway to the Central Provinces tra- 
verse Singhbhum, this copper dejx)sit may yet prove of value, the 
accessibility to Calcutta being by this means so greatly increased. The 
following table contains an abstract of the information available from 
an examination of the localities by the writer in the year 1869 

' Records, G. S. I., Vol. Ill, pp. 86 and 94. 
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Hazaribagh District : Baragunda^ Lat, 24° 4' 3" ; Long. 86° 7'. — 
This locality is stated to be so called from the fact of its being the site 
of 4S (Ijara-gimcld) ancient copper mines. It has been described by Dr. 
McClelland' and Mr. D. Smith.2 Mr, Piddington^ has also published an 
account of his analyses of the ores. From these sources of information and 
the observations made by the writer during a brief visit, the following 
account has been drawn up. 

The excavations which mark the position of these ancient mines are 
situated along a line of outcrop of metamorphic rocks, which form a 
ridge, about three-fourths of a mile long, between the villages of Parsa- 
bera and Baragunda. At the eastern end the ridge commences with 
a small hill, which rises to about 60 or 70 feet above the cultivation of 
the village of Parsabera, and thence westwards it slopes down to 
the level of a small stream which is about 70 or 80 feet below the 
base of the hill. The rocks forming the ridge are a somewhat granu- 
lar quartzite passing into gneiss, alternating with micaceous talcose, 
hornblendic and actinolite schists, the micaceous and talcose varie- 
ties being not unfrequently garnetiferous. The principal gangue stone 
appears to be a semi-pellucid cpiartz, but the ore also occurs disseminated 
in the schists. The general strike of these rocks, as also of the line of 
excavations, is from east to west, varying locally to from 10° south of 
east to 10° north of west. The dip or underlie is nearly vertical. 

At the present time, without making special excavations, traces of the 
ore are to be seen in situ; these consist of stains and encrustations on 
the faces of the rocks exposed by the old excavations, and in the refuse 
heaps fragments of quartz, which include samples of ore, are to be met 
with. A very fine series, illustrative of the ores obtained partly from 
recent, partly from former excavations, is now in the Museum of the 
Geological Survey. Both the oxides and sulphide of copper occur in these 
specimens, and associated with them are galena and zinc blende. In 
some of these the matrix is the schist. Mr. rtddington^s assay was 
as follows : — 


Silica ..... 


0-6G 

Sulphur . . . . . 

. 

. 31*42 

Iron (Perox., 48*55) ruetallic 

. 

. 33-98 

Coi)per, metallic 


. 34*10 



1000 


’ Report of the Geological Survey of India, Calcutta, 1850, p. 23. 

‘ Report of the Sigrowlec and Karharbari Coal-fields : Calcutta, 1857. 
Jour., As. Soc., Bengal, Vol. XXII, 1853, p. 311. 
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We are not in possession of any information as to who the ancients 
were who made the numei’ons excavations at Baragurida, of which ample 
evidence is still to be seen. These workings extend all along the outcrop, 
and from their overlapping in places it would appear that the deposit 
was not limited to one line of strike. Though in some cases the samples 
show that the ore occurred as a constituent of the schist, others seem to 
justify the conclusion that there are one or more distinct lodes parallel to 
the bedding. 

Along the main line the width of the excavations average from 25 
to 30 yards. The miners appear to have thrown the debris behind them 
as they progressed, the depth to which they could go being limited ; 
thus there are a succession of basin-like pits separated from one another 
by mounds of debris, and bounded by the faces of rock which form the 
foot and roof of the deposit. Dr. McClelland describes and figures a sys- 
tem of mining in steps on the face of the hill ; but this feature has 
now disappeared, if it ever existed on the scale which he mentions. Cer- 
tainly the term ^ mountain,^ which he applies to the small hill, is not appli- 
cable. No doubt by weathering and the growth of jungle, the form of the 
ground has been much modified during the thirty years which have ©lapsed 
since he wrote. Dr. McClelland mentions the occurrence of large mounds 
of copper slag which he says cover several acres of ground at the village 
of Giridi^ (Gereedee), about 2 miles distant, where, in the vicinity of 
fuel and water, smelting was carried on. 

From these remains and the extent of the excavations, it seems to bo 
legitimate to conclude that this deposit was worked for many years, and 
that it was only relinquished when the readily accessible part of the back 
of the lode had been exhausted, and when the native miners found them- 
selves unable to cope with the difficulties arising from having to go to 
greater depths. 

In or about the year 1854, a Mr. Mackenzie is said to have sunk a 
shaft to a depth of 17 feet, but afterwards abandoned it. His reason 
for having done so is not known, as no actual record of his opera- 
tions appears to have been preserved. Within the past few years there 
has been another attempt, on a small scale, to test the value of the deposit; 
but the heavy royalty claimed by the zemindar, the Raja of Palganj, 
has hitherto been unfavourable to all attempts to re-open these mines. 

The situation of the deposit is favourable to mining operations, as an 
adit level or gallery might easily be driven from the stream eastwards 


' This is not to ho inistakcii for the (fu-uli Station on tlic E. I. Railway, which is about 
^4 iniles distant from Barag'unda. 



256 


GEOLOaY OF INDIA— COPPER. 


[Chap. V, 


with the line of strike, and well below the bottom of the lowest native 
workings. This would serve not only to test the deposit throughout, but 
it would also facilitate subsequent drainage. 

The vicinity of such a supply of fuel as that afforded by the 
Karharbari coal-field and the means of carriage afforded by the railway 
confer upon this deposit obvious advantages over many others in India. 

Lohardaga District : Daltonganj.— During the sinking of a well 
in the station of Daltonganj, some traces of copper ores were discovered 
disseminated in beds of schistose gneiss by Mr. L. Forbes. 

The section was examined by Mr. Hughes,^ who thought it did not 
give promise of a workable deposit. The ore was in four horizons, 
aggregating a total thickness of 4 feet 10 inches in 26 feet of section. 
The dip was 4'’, and there was no sign of a true lode. 

Kasianuan. — In a letter from Mr. T. Marriott to the Collector of 
Burdwan, dated April 6, 1809,^ the occurrence of copper ore is thus 
alluded to, coal having been said to exist near a place called Thoorah, on 
the southern side of the Sone river, three cos^ above the Koel river, and 
also in the bed of the Bucooah, only a mile from ^ Kussyaun,^ a well- 
known place, near which Mr. Prinsep, many years ago, found copper 
and commenced an extensive manufacture of vitriol." Information 
recently received from Mr. C. E. Davies of Rotasgarh has served to 
clear up the origin of this tradition as to a source of copper. There 
was a manufactory of iasis or copperas at Tilkap, 6 miles from Rotas- 
garh, on the road to Debri. The manager lived at Kasianuan, and the 
copperas used to be stored there. The material used in this manufacture 
will be described in Chapter VIII, It may bo added that the neighbour- 
hood of the Sone has been noted for imaginary discoveries of coal.® 

Central Provinces. — Copper ores are known to exist in the following 
districts and localities in the Central Provinces : In Raipur at Chicholi ; 
in Jabalpur at Sleemanabad ; in Narsinghpur at the Birman Ghat; and 
in Chanda near Thana Wasa. 

Raipur District: Chicholi, Lat. ZV 5'; Long. 80° 41'. — Traces of 
the copper carbonates have been observed at the locality described below, 
where galena occurs ; and in a similar and parallel vein of quartz at 
Wararband, 14 miles to the east, stains of the carbonates were also seen.^ 
In the former case the reef traverses metamorphic rocks, but in the latter 
it is on the line of contact between these and Lower Vindhyans. 

» Sotfclement Report and Mem., G, S. I., Vol. XV, p. 125. 

* Jour., As. Soc., Bengal, Vol. XI, p, 830* 

» Mom., G. S. I., Vol. XV, p. 7. 

< Records, G. S. I., Vol. X, p. 185, 
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Jabalpur District: Sleemanabad, Lat. 23° 38'; Lon^. 80"" 19', — 
Some traces of copper ores (malachite and oxide) were discovered on 
a bed of Bijawar cpiartzite in the neijy^hbourhood of Sleernaiiabad by Mr. 
W, G. Olpherts^ and in the same association a small quantity of galena 
was also found. According to Mr. Hughes,* who subscxjuently visited 
tlie locality, there was no indication of a true lode, and the ores of the 
metal appear to have been only sparsely disseminated in the rock. 

Narsingpur District : Birman Ghat, Lat. 23 2'; Long. 

Copper ores were first discovered to exist on a small island in the bed oT 
the Narbada river, in the year 1873, by Mr. C. Maynard, manager of the 
Narbada Coal and Iron Comj)any, who shortly afterwards commenced 
mining with the result, as reported, that a quantity of the ore which 
was sent to England paid its expenses. 

This deposit docs not, apparently, form a true lode, the ore being 
disseminated tlirough an argillaceous schist, wbudi is associated with 
quartzites of the Bijawar series. Shortly after the mitie was opened 
tlie ])and of rock permeated by ore was found to be about 6 feet tliiidv." 
The result of siibso(iuent o])erat)ons is not on record, but the mine was 
ultimately abandoned. 

The blue and green carbonates, azurlte and malachite were notable, 
as compared with those from most other Indian localities, for their very 
bright colours. Grey and red oxides were also met with. The following 
percentages of copper were obtained from seven of the early samples of 
tlie carbonates : — 



A. 

n. 

c. 

D. 

E. 

F. 

G, 

C()p])cr 

. 32-75 

23-1 

47-8 

21-2 

32-2 

25-4 

12-6 

Iron 

KtirUiy mutter, &c 

. 250 

. Cl.'75 

5-4^ 

71-5) 

52-2 

78-8 

68-8 

74-0 

87-4 


100* 

100* 

100* 

lOO* 

100' 

100* 

100* 


the average yield being, therefore, 28 per cent. 

Chanda District : Tiiana Wasa, Lat. 19° 51'; Long. 79° 17’ 50." — 
On the atlas map of India a spot near the above-named locality is 
marked as having been the site of an ancient copper mine, but no fur- 
ther information on the subject is at present available save that in the 
Central Provinces^ Gazetteer ^ it is stated that tradition points out loca- 
lities in the north of the district where copper is said to have been once 
mined, 

^ Koconls, 0. 8. T., VoK III, p. 70. 

’ {)!>, cm V(*l. Vn, ]). G3. 

‘ t’luiiuljj, ’ p. D55. 
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RGWftli 8;ii(i BimciGlkliSiiid.. — So far as is known, the copper depo- 
sits of these j)rovinees are not of great extent, but our information 
regarding tliem is not very complete. 

Rewah State : Buedi, Lat. 21° 33'; Long. 82° 26' 30".— This loca- 
lity, wliieli is close to the junction of the Gopat and Sone rivers, is 
ijulicated on Captain SherwilFs geological map of Bengal as being one 
where copper has been found. Since the locality is on lower Vindhyan 
rocks, and since it appears from the old mineral register that a specimen 
received from Captain Shcrwill from that locality in 1852 consisted of 
metallic copper, it may perhaps be doubted whether there ever was a hand 
fide discovery there of ore in Mu, Though galena has been found in 
rocks of this age there is no recorded case of the discovery of copper, 
Tagwa, — Lat. 24° 16' 30^; Long. 82°.— Somewhere between the vil- 
lages of Tagwa and Baramdeo Caj)tain Sherwill also represents copper 
ore as having been found. The rocks in the vicinity are slates in the 
lower portion of the Bijawar scries. The occurrence of copper ores in 
these rocks is not without a parallel, since those at Birman ghat, on the 
Narljada, are in beds of the same age, and in many parts of the country 
the local groups of transition rocks are copper-bearing. 

BundGlkha-nd : Shahgarh District : SAURAi.—Near the village of 
Savirai, in the Shahgarh district, a deposit of copper, which it is said was 
formerly worked to a considerable extent, has long been known to exist. 

Mr. Mcdlicott states^ that ho was shown by Major Ellis at Nagodo, 
samjdes of grey copper said to have been extracted from a trench near 
the; village, but no traces of the ore were then to be seen on the spot. 
Subscciuently, the locahty was visited by Mr. Mallet,^ who states that 
a pit which had been sunk by the Assistaiit Commissioner, in order to 
test the report, was situated in a fissure formed on a joint in the Bija- 
war lim(‘stono heading north-east to south-west, the walls of which were 
12 to 15 inches apart. This fissure had been filled up with clay and peb- 
bles of various kinds, Bijawar limestone, hornstone, Bijawar ferruginous 
rocks, Vindhyan sandstones, but none of the crystalline rocks.-^^ 

At 6 feet from the surface rolled lumps of copper ore, mixed with 
])ebbles of the other rocks, were found, but neither here nor in the neigh- 
bourhood was any lode or ore m situ discovered. Mr. Mallet expresses 
his b(‘lief that the lode, if it exists, is situated in the Bijawar rather than 
in tiie crystalline rocks. It is pretty clear that the natives had con- 
ccah'd the deposit for some reason. 

' M«'iu 5 G. s. I., A'oi f, |». ar». 

Uccouls, G. S. 1., ViE, 1, i>. 10. 
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’Whether Mr. Mallet^s suj^gestion as to a system o£ pits being made 
in order to trace out the deposit has been acted upon by the local aid ho- 
rities does not appear. It is said* that 12 scci\s o£ copper were mauu- 
t'actured from a maund of the ore which was found. 

Rajputana. — Copper ores are found in several of the iDdo])ondeid. 
Slates of Rajputana, and also in the British district of Ajmir. Mining 
has been practised on a large scale, but at present the trade of the 
miner is becoming extinct, and the operations, which arc only carried 
on in a few of the localities, are of a very petty nature. 

The names of the States in wliich there are mines arc as follows; 
Alwar, Bhart})ur, Jaipur, Udepur, Bundi, and Bikanir. 

Alwar State. — According to Mr. Ilacket^ tlierc are ancient copjXM- 
mines at the following localities in this State : Dariho, Indawas, Bliangarh, 
Kushalgarh, Baghani, Pariabgarh, Tassing, and Jasingpura. The most 
important of these is the first. 

Daiuro, Lat. 9' ♦30'''; Long. 76° 26' 20". — The mine is situated 
on a sharp anticlinal bend in a thin band of black sli»fi‘s iuteriai- 
lated in the Alwar cpuirtzites. There aj^pcars to be no true lode ; the 
ore, wliich is pyrites mixed with arsenical iron, occurs irregularly dissc*- 
miiiated through the black slates, a few specks and stains only })eing 
scon in tlie quartzites; occasionally rich nests of ore were met with. 
The operations of the natives were mucli facilitated by an adit level 
made under the direction of Dr. impey, and which sewed to drain the ])it.s. 
Mr. Hacket says, however, that this mine is now nearly abandoned. From 
an interesting account by Major Cadcll,*’^ the following facts regarding 
the manufacture have been extracted. The ore, as usual in the native 
process, is pounded, made u]) into balls with cowdung, roasted, and llien 
smelted in a closed furnace and refined in an open ehai'coal fire. Thirty 
pounds of ore require four times that quantity of charcoal, -aiid yield 

pounds of metal, or 16’6 per cent. During the last 12 years the 
average annual outturn has been only 3 tons 8 cwts., and it is diminishing 
owing to the influx of European copper. The State claims one-third as 
royalty ; 32 families, including 88 jiersoUvS, derive their principal means of 
subsistence from this industry. Small quantities of the sulphates of 
co])pcr and iron are manufactured from the waters of these mines. 

JoDAWAS on Indawas, Lat. 27° 21' 30"; Long. 76° 23' 30''', — Mr. 
Hacket saw here a long open cutting, 20 to 30 feet deep, from whieli 
copper ores had been extracted ; it was then full of water. 

1 Oazc^ttecr of the North-West Provinces, p. 325, 

- Refoi-ds, ti. S. 1., Vol. X, p. 91, 

^ Oq-zottecr of Ulwar, p. 82, 
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BiTANOAiMf^ LaL 27^ 5' 80"; Long. 7G" 22'. 

Kusualgahii, Lat. 27° 25' 30"; Long. 76° 30'. 

Pautaboaiug Lat. 27'' 15'; Long. 76'^ 13' 30". — The workings at 
I'jjcso localities have long been deserted ; according to the natives those 
at the last were very extensive ; they suddenly fell in, burying a large 
number of the miners. Traces of ore were seen at Tasing, in the Mandan 
hills, and at Jasingpura near the railway. 

Bhartpur State : Nithahau, Lat. 26^^ 58' ; Long. 77° 5'. — There 
is an abandoned mine at this locality, which is close to the Jaijmr frontier. 
Copy)er works formerly existed at Basavvar^ in this State. The metal 
})roduced was better than that at Singhana, but the ore was too poor to 
be worked with profit. 

Jaipur State. — In this State copper ores arc reported to exist at ihe 
following localities : Singhana, Khetri, Nabaro, IJdhalha south-east of 
(rarh, Lalsot, Bagor, and Bahai ; of these the most important are the 
first two and the last. 

Singhana^ Lat, 28'' 5'; Long. 75" 53'. — The copper mines at 
Singliana are situated in rocks belonging to ihe Arvali series. Tlie 
earliest account of these min(\s, which is believed to have been by Ca]>- 
tain Boileaii, was published in the year 1831.- The principal jiroduc- 
tions were co]iy)or, blue vitriol or eojiyier sulphate, alum, and an ore of 
cobalt called se/ila or smla, which will be described in Cliapter VII. 

The mines are described as being tortuous and of great extent; at 
the working faces it was the custom to light fires which caused the rock 
to sydit uy). Lamps were used which the miners carried on their heads 
and with a gad and hammer extracted the ore. The yirincipal ore found 
ap])cars to have been jiy rites. It was sold retail by auction to the y^ro- 
prictors of different furnaces. 

The y^ounding or crushing was cfFected on a stone anvil with a liam- 
mer weighing eight or ten seers ; when completely reduced to powder the 
ore was made up into halls with cowdung and roasted. The blast fiir- 
naees, vide Plate TX, were y)r(‘y)ared in the following manner. A quan- 
tity of common sand was sy)read on the floor of a circular hut, in the 
centre of which a dey)ression, 12 to 15 inches in diameter and 2 or 3 
inches doey), was made ; in this a layer of fine sand and another of ashes 
were laid to yu’event the metal from adhering to tlie bottom of the 
receiver ; two clay nozzles or twyers were then y^laced on opposite sides 
of this hollow and a third between them, leaving the fourth side vacant 
for the slag to escay)e. The nozzles were then connected by moist clay, 

^ GU‘)iuiup:s in Science, ^'ol. ill, p. 380 
* Jdem, p. 384, 
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aiul a circular rim of mud, a few indies in lieig*lit, was raised, on wliicli 
three annular vessels of fire-clay were placed to form the body of the 
furnace; each of these was 15 inches in external diameter^ 10 ^nehes 
high, and 3 inches thick. They were used repeatedly, but the lower part 
of the furnace had to be rcconstru(*ted for every charge. The bellows 
were siin])ly goat-skins eonneeted with the nozzles, and were worked by 
the families of the smelters. After a })reliininary firing, todry th(^ mnd, 
the furnace was charged with charcoal, roasted ore, and iron slag, the 
latter being employed as a flux. 

In a day of nine or ten houi's’ duration, 3 maunds of charcoal, 2^ of 
tlie roasted ore, and 2 of the iron slag were consumed. Tlie slag was 
drawn oil* and the smelted co])pcr which liad accumulated at the bottom 
of the furnace was removed on the following day. It was then re-melted 
and refined in an open furnace under a strong blast from bellows, and east 
into small bars or ingots, wliieb were subse(|ucntly removed to the Mint 
and cut up and fashioned into coins. 

The ore was said to yield only from to to 7^ per cent, of metal, 
bnt the profits must have been not inconsiderable as the Khetri llaja 
is said to have claimed one-sixth of the value of the copper in addition 
to ,Rs. 14,000 received for the lease. The quality of the metal is said to 
have been inferior to that of Basawar, this being attributed to the use 
of Ibo iron slag as a flux. 

The present condition of these mines is thus descril)cd by Mr. Hackei,,^ 
The principal mine is entered by a wide gallery driven into a ridge of 
<^[uartzite with the strike, and at a point several hundred feet alcove the 
level of the plain. This gallery is in places 50 or (>() feet wide and of 
c()nsidcra]de height. For the first hundred yards the descent is slight, 
afterwards it becomes stec]), and three separate galleries strike off into 
the bill. In these galleries there is hardly a trace of ore left and the 
ends of the mine are concealed by fallen debris and water. The mine 
has been abandoned in consequence of tlie jioviu'fy of the ore. Towards 
the entrance, strings and small veins of ore are seen in the quartzite. 
Mr, Haeket considers that valuable pockets of ore might be found in the 
unworked ground between this mine and Khetri, as they are on the 
same line, as is also the mine at Babai. 

Considerable quantities ol‘ blue vitriol (copper sulphate) alum, and 
copperas (iron sulphate) are manufactured from the decomposed slate 
and refuse of the mines. The slates are steeped in water, which is after- 
wards evaporated in large iron vessels, when the blue vitriol is crystallized 


Koeordfi, G, S. 1., Vol. XIII, p. 2i6. 
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out, iifiorwards the alum, and lastly the copperas. Mr. Mallet found 
tnu'cs of nickel and cobalt in all throe of these substances. 

1 , Lat. 28*; Lon^. 75° 50'. — A very full account of the Khetri 
ini 11 os and manufacturing processes, illustrated by numerous plates, was 
published by Colonel J. C Brooke in the year 1S64. Many of the 
didnils whi(di are given are naturally almost identical with those which 
liave }>ecn just enumerated in reference to Singhana, which is only 8 
miles distant to the north-west. Indeed, Singhana is partly included 
in this description, as it belongs also to the llaja of Khetri. 

The miners are said to be the poorest of the population ; those who 
work the ores are Mahomedans, and the manufacturers of alum and the 
co])por and iron sulphates are Hindus. 

The Kulhari mine is, like others described clsewliere, a tortuous 
warren, enlarging here and there, where ])Ockcts of ore were discovered. 
The only means of overcoming the influx of water known to the miners 
is by passing gliaras of water from hand to hand through the passages ; 
ill one case no less than 27 men were thus employed for upwards of a 
month, at a cost of Its. 200. 

The mines arc in most cases owned by the miners themselves, whose 
ancestors discovered them, but some have passed into the hands of the 
mon(‘y-lenders. The permission to work the different branches of the 
mine is put up to auction annually, after the rains, and bought by gangs 
of eight, 

Tlic ores are sold in the town of Khetri by auction to Mahomedan 
Bhoras, who conduct all the subsequent operations, which are nearly 
identical with those described above in the case of Singhana. The refuse 
from iron furnaces, called reety is still used as a flux. An expenditure 
of about Rs. 7-11 on smelting five inaunds of ore yields 503 taJi'as 
of copper, from which one- fourth must be subtracted for the royalty, and 
the remaining 228 takas y worth Rs. 9, will be left. The profit is, 
therefore, about Re. 1-5, or allowing for extras Re. 1. 

The manufacture of. alum and copper sulphate is, as at Singhana, 
carried on actively here also, and the process of steeping the sliale 
in earthen gharaSy arranged on ledges on cones formed of old refuse, 
is fully described by Colonel Brooke (sec Chap. IX). 

Mr. llackct^s’ still more recent account of the Khetri mine is that it 
is situated on a ridge of slates, about 500 feet above the plain. It 
is entered by several sliafts of considerable depth, which give access 
to a gallery said by the miners to be upwards of 2 miles! in length. 
The direction of this gallery ap])eared to be parallel to the strike of 

^ Records, G. iS. 1., Vol. XIII, p. 24,5. 
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the slates. The ore now brought up from the old workings is pyrites, 
which occurs dissemiiuated through the slates. 

The almost complete abandonment of these mines is attributed to the 
partial failure of ore and consequent increased expenditure, while the 
Jai])ur Dar])ar has refused to reduce the royalties. 

Babai, Lat. 27° 55' ; Long. 75° 49'. — These mines are situated about 
8 miles south of Khetri, and on the same band of slates in which a 
small proportion of ore occurs disseminated, but the principal object 
of tlie pits is to search for saila or eobaltite. 

Tlic other mines in the Jai]mr Stalx), which have been above enumerated, 
need not be further described ; indeed, full details regarding them are 
not available. 

Ajmir.— In Ajmir the occurrence of copper ores has been noticed by 
several writers. They have been found at Gugra, 4 miles north-north- 
cast of Ajmir ; at Rajauri, 10 miles south-west of Ajmir • and Rajgnrh^ 
12 miles south-south-west of Ajmir; and in Ajmir itself. 

Guora, Lat. 26° 29'; Long. 74° 43'. — Tlic deposit here was described 
by Captain Dixon in 1835,^ and was said to be from a span to 4 inches 
in thickrujss ; it was opened up by a mine. A sample of the ore was 
described by Mr. Prinsep, who says that the malachite was associated 
with carlx)nate of lead, a micaceous carbonate of iron, and a rich galena. 
Yellow copper pyrites was also present and. earthy veins of a pale blue, 
very similar to some of the streaks in the tunpmisc rocks of Nishapur, in 
P<‘rsia. He suggests the possibility therefore of tunpioise being found 
in Ajmir, 

R/AJAURf (? Rajoui), Lat. 26° 20'; Long, 74° 41'.— Captain Dixoii also 
speaks of a mine having been opened at this locality. The ore api)cars to 
have been carbonate. 

Rajgarii, Lat. 26° 18' ; Long. 74° 41'. — A mine was ojjoned here at 
ahout the same time. The ore was, according to Mr. iVinsc]), accom- 
panied with slender prismatic crystals of selenite, hlack augite, red 
oxide and carbonate of iron, and a mineral containing copper which 
seems to have been cbrysocolla. 

Ajmir, Lat. 26° 28'; Long. 74° 41' 30'^.— Mr. Racket states that 
there are traces of copper in the old iron workings near the jail at Ajmir, 

Udepur State : Rewara. — A t Rewara, near Gungaynir, according 
to Mr. Racket, a number of small pits are sunk in the schists in a nortli 
and south line for nearly a mile. The copper slag found on the spot 
seems to indicate Unit no very large quantity was found. 


Jour, As. Soc*. Bi'ugal, Vol. IV, p. 083. 
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Bundi State : Datunda, Lat. 25° 27' ; Long*. 75® 30' 30*^. — ^Two miles 
east of Datunda a small pit was sunk in quartzites, upon which traces of 
copper were still to be seen when examined by Mr. Hacket, but there did 
not appear to have been much ore there. 

Bikanir State: Ejdasar, Lat. 28'' 15'; Long. 72' 55°. — It is not 
known whether the now deserted copper mine at this locality, a few 
miles from Sujangarh, was worked with profit ; but its discovery in 1753 
created much interests 

Bombay : Dharwar District. — Atteniion was drawn by Captain 
Newbold 2 to the Kappatgode range, in the district of Dharwar, as 
containing a possible source of copper in consequence of traces of copper 
ores and a fragment of native copper having been met with in the 
gold washings in the Doni rivulet ; but it does not appear that any 
ore in aitu has ever been discovered in that region, except some stray 
little masses of copper pyrites in a pseudo -(WovitQ which were found 
by Mr. Doote.^ 

BalocMstan : Las District. — In the district of Las, between the 
towns of Liyari and Bela, there is stated to bo a hill where copper ore 
is obtainable in abundance. In the year 1840 Captain De la Hoste ^ 
very closely interrogated a man then living at Karachi, who stated that 
together with his father ho had visited the hill, which was 12 coss soulli 
of Bela, and had manufactured a small <juaiitity of copper on the spot, 
the ore yielding 50 per cent. Subsequently they applied to the Jam for 
permission to work tlie mine, and he seemed at first willing to grant it ; 
but on being told by one of his followers that if he did he would lose 
his country, he informed the Karachi men that they must leave forth- 
with, and that if they were ever caught near the copper hill again he 
would cause them to be burned alive. Mr. Hughes,^ quoting from 
Captain Hart, apparently alludes to the same story. Mr. Griesbach 
refers to this locality as Sliah Bellawl, 20 miles south-east of Bela. 

Major George LeMessurier ^ recorded that there are mines of in- 
ferior copper ore near Turkabr, but that the exact locality was kept a 
secret by the people of the country. 

Afghanistan. — Several writers, but more particularly Captains 
Hatton 7 and Drummond^ testify to the abundance of ores of copper in 

* Gazetteer of the lUkaiiir State by Caj^t. P. W. Powlett, p. 97. 

* Jour, Roy. As. Socy., Vol. VII, p. 150; Madras .Tour, Lit. Jtud Sci., Vol. XI, p. 42, 

3 Records, G. S. 1., Vol. VII, p. 140. 

‘‘ Trans. Roinb. GtM)l. Socy., Vol. VI, p. 117 ; Jour. As. Soc. Bengal., Vol. IX, p. JIO. 

3 ^ Balocbistari,* p. 22. 

Bomb. As. Socy., Vol. II, p. 100. 

Cal. Jour. Nat. Hist., Vol. Vi, p. 597. 

^ Jour. As. Soc. Bengal, V^ol. X, p. 74. 
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Afglianistau. Tbo remarks by the former refer to the sonihcni portion 
of the country, and those by the latter to the northern ; in several cases 
the ores have been mined to a considerable extent ; but the copper used 
in Kandahar in Captain Hutton^s time was supplied partly from Bombay 
and ])artly from Persia. 

Kojak Amban bange. — Specimens of copper ore in a wdutc quartz 
matrix from this locality were considered to be poor ])y Captain Hutton. 

SuAH Maksud bange. — A rich ore of copper exists on this range; it 
is said to have been first worked by Nadir Shah and subsequently by 
the Sirdars of Kandahar. The statements made to Captain Hutton 
represented the profits as amounting to 1900 per cent., which he con- 
sidered to be an exaggeration. Forced labour was employed in mining. 

Nisii. — A rich ore of copper is said to occur in Nish, about 60 miles 
to the north of Kandahar. 

Hazaba Mountains. — The blue and green carbonates of copper and 
the red oxide are obtained in some parts of these mountains. 

Captain Drummond describes a copper-yielding region between 
Kabul and Kuram; many of the names which he mentions do not appear 
on the maps ; they are as follows : Moosye, in the pass of Shadkhaniiee ; 
on the right bank of the Lagur river, west of the village of Kuttasung ; 
in the pass of Silawat, to the cast of Kuttasung ; Koh-i-chagye ; various 
points in the Silawat Pass; Koh-i-Aeeniik ; Seestungee; Baghye; Dun- 
dhanee, in the direction of Jowhar, to the south of Rotil-i-Dushtuk ; 
Aeoorookhail mountains; Dherband in Tungec Khooshk; KilaAtayo; 
T( '.zccii ; Khoondurra; Dohundoe; Lahazour near Shinkye; Chinarkhail ; 
Jerohaee. At all of these localities, which are spelt here as they are in 
the original, copper ores wore found, and at some of them there arc ancient 
copper mines of considerable extent. The rocks are metamorphic schists, 
principally hornblendic ; it seems doubtful whether the ore exists in true 
lodes as the courses are parallel to and dip with the bedding. Tezin, 
lat 34^’ 24', long. 69^' 30', is the most eastern point of the cupriferous 
tract, and Wurduk the most western ; Spega to the south and the hills 
about Kabul to the north indicate the known limits in the other direc- 
tions. 

The most promising veins arc said to he those of Dherband and 
Dobundee, and among the old mines that at Koh-i-Aecnuk holds out the 
best prospects. 

The results of the assays of the purple, vitreous and cuprite ores 
yielded, respectively, 60, 80, and 90 per cent, of metal. Captain Drum- 
mond^s conclusions as to the mining prospects of the area are as follows. 
The number of veins which have been discovered show that the strata 
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.are highly metalliferous ; the quality of the ore is excellent ; from the 
extent and depth of the excavations it is concluded that the ore, if it did 
not increase, certainly did not diminish, as otherwise so many localities 
where ores occur at the surface would not have been left untouched. 
Prom the nature of the ground, drainage could be effected easily, and in 
some cases adits might be driven in from levels below the old workings. 
In some of the localities the supply of water might be short, but in others 
it would be abundant. It is stated that the forests which stretch from 
the Siifedkoli southwards would furnish an ample supply of timber for 
the mines and wood for charcoal. 

Colonel Drummond adds further information regarding the means 
of transport, habits of the people (one of the most cultivated of which 
appears to be thieving) , rates for labour, &c. 

A sample of ore, which was forwarded last year (1880) by Dr. 
Aicheson* from the Shutargardan, contained 26 per cent, of metallic 
copper, but was much mixed with silicious matter. 

It is somewhat curious that Dr. Lord,'-' who in 1838 described the 
Ghorband lead mines, was not aware of the occurrence of copper ores 
near Kabul; he states that all which was brought to him came from 
Bajaur, north of Peshawar, 

Punjab. — Copper deposits in the Punjab are not very numerous, nor 
do they, so far as our present knowledge of them goes, possess any great 
importance. The localities where copper ores have been found are 
situated in the Salt-range, Simla district, Sirmur State, and in Kulu. 

Salt-range.— In a group of palseozoic (? silurian) rocks in the Salt- 
range, to which Mr. Wynne has given the name speckled sandstone, 
there are certain beds which have been called the copper shales owing to 
the presence of small nodules of copper sulphide from the size of a pea 
up to that of a walnut. Dr, Fleming, Mr. Theobald, and Mr. Wynne 
have all written on the subject. There does not appear to be the slight- 
est chance of the existence of a lode or of a deposit of any kind 
sufficiently extensive to be of economic value. Mr. Wynne could not 
find any of the nodules in situ, 

Simla District : Solan.— There is an abandoned copper mine in 
the Simla slate series near Solan ; nothing appears to have been pub- 
lished regarding it, 

Sirmur State : Banal, Lat. 30^ 38' 30" ; Long. 79^ 29' 30".— One 
mile to the south of the village of Banal there is, according to Mr. R. 
D. Oldham, an excavation, in which fragments of quartz, forming parts of 


* Proedgs. As. Soc. Bengal, 1880, p. 4. 

* Jour. As. Soc. Bengal, VoL Vll, p. 536. 
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a vein 1 foot thick, lie amongf the decomposed slates; the quartz is stained 
with malachite. There are abandoned mines of small extent at Myth in 
Sirmur and Kalsi in Jaiinsar. 

Kulu. — Mr. Calvert has brought to light many localities in Kulu 
where copper ores occur. The principal of these arc as follows, Tliere 
are remains of old copper mines near Chisani and loose blocks from lodes 
near Maol. At Malanna copper ore occurs with galena but has not been 
worked. The mountain above Kot Kandi is said to be rich in metallic 
ores, especially those of copper, the lode being marked by stains of the 
carbonates. Native copper is reported to have been found in the argen- 
tiferous galena mines at Chitrani. Unworked lodes of copper are found 
in Shatgurh and near Jerri and in the Khanor Khud. 

Kashmir.— There are several references to a belief in the existence 
of copper ores in some parts of Kashmir, but definite information on the 
subject is wanting. Thus Moorcroft^ states that mines had been dis- 
covered and Jacquemont found copper ore in the Lidar valley, on the 
south-west side of the range which divides Kashmir from Sum in Ladak. 
Mr, Lydckker ^ refers to a curious discovery of native copper having 
taken place in the summer of 1878. Large irregular masses of metal 
were found in the Zangskar river, but it was not clear whether they had 
been derived directly from the tertiary rocks close by or from the older 
rocks further south. General Cunningham^ pointed out 80 years ago 
that the name of the district had been derived from zangSy which signi- 
fies copper, though he could not learn that it had been discovered there. 

Copper glance and copper pyrites with metal smelted from them have 
been received from Rondu, 16 marches beyond Kashmir.^ 

North-west Provinces : Kumaun and Garhwal Districts. — The 
copper deposits of these districts have long attracted the notice of the 
Government and the public. They have in consequence formed the sub- 
ject of a somewhat extensive literature to which both district officials 
and mining experts have contributed. It will be well to give a brief 
account of these reports and papers before entering upon the details 
regarding individual mines. 

Captain Herbert^s ® memorandum on the mines and mineral produc- 
tions of the Himalayas was published in 1829. With reference to the 
copper localities he gives a considerable amount of information and makes 

^ ‘ Kulu,’ pp. 6, 8, 23, GG, G7, 68, 70, 71, 73, 74, 75, 79, 82, 91. 

Travels, Vol. I, p. 313. 

» Kecords, Cl. S. I., Vul. XIII, p. 40. 

^ Ladak, p. 234. 

^ Punjab Products, p. 10. 

« As. Res., Vol. XVIII, p. 239. 
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some suggestionsas totlie best method of increasing the outturn from the 
mines. In 1838 the mines were examined by a Cornish miner, who had 
been brought out from England by Colonel Drummond.* Tfie miner na- 
turally found fault with the wasteful system, or want of system, practised 
by the miners, and suggested improvements in the tools ; enlargement of 
the narrow burrows into practicable passages ; the use of timbering ; the 
introduction of pumping machinery, &e. Ini 839 Lieutenant J. Glasfur J 
published a progress report of the experimental working of a mine at 
Pokhri. With it there is a plan of proposed adit levels and shafts. The 
native miners only became reconciled to the use of timbering when in one 
of the mines they discovered that old timbers had been placed there by their 
ancestors. A good deal of trouble was experienced in passing the galleries 
through the ancient workings. In 1841 a final report on this experiment 
by Mr. Lushington, the Commissioner of Kumaun, detailed the operations 
conducted under Mr. Wilkins, the above referred to Cornish miner. Be- 
tween December 1838 and June 1841 a sum of Its. 3,364, besides Mr. 
Wilkins^ personal salary of Bs. 150 a month, had been expended in the 
attempt to open up a new mine and two old ones, called respectively the 
Chowmutti and the Rajahs. The result was not considered to be satisfac- 
tory and operations ceased. The failure was attributed to poverty and 
scarcity of the ores and not to any want of skill. Difficult carriage, it Wiis 
thought, would prevent even a rich deposit from being worked with profit. 
English copper too, even at Almora, was then selling at a price below that 
which the native copper brought in the hills, so that the latter could not 
be expected to compete with the former in the plains. Mr. Lushington, 
reviewing the wdiole subject, states that, knowing all the circumstances, 
lie would be sorry to invest money of his own in any enterprise which 
had for its object the working of these mines. 

In 1845 Mr. Siegmond Rockendorf ^ a Mining Engineer, wrote a report 
in which he sought to controvert the opinions of those who had written 
before. He claims for the ores a high value, and, with some justice per- 
haps, states tliat the means at Mr. Wilkins^ disposal were not sufficient to 
test the deposit fully. He especially condemns the system of smelting 
which had been practised as being wasteful. 

The next report is by Mr. L O^B. Beckett, dated 1850;** it refers 
principally to the iron of Kumaun, but also gives some information 
regarding the copper at Lobha. 

^ Jour. As. Soo. Bengal, Vol. YIT, p. 934. 

Op. cii., Vol. Xll, p. 453. 

=> Op. cit.y Vol. XIV, p.47l. 

^ Selections from Kecords, North- W’'eetcrn Provinces Government, Vol. II, Part XII, 
1853, p. 67. 
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In 1855 Mr. William Jory Henwood,* with two mining assistants 
and an iron smelter, came out to report on the metalliferous deposits of 
Kumaun and Garhwal. Mr. Henwood^s report principally deals with 
the iron, but several pages of it are devoted to the copper ores, with which 
he does not appear to have been favourably impressed ; but he discerned 
encouraging features at some of the mines. 

In 1856 a further report on these mines by Mr. James Barratt, Mr. 
Henwood^s First Assistant, appeared. He recommended that regular mines 
should be opened at Tomacoti and Dhobri, and speaks highly of the ores. 

The latest writers on the subject are Mr. Lawder and Mr. E. T. 
Atkinson, the account by the latter containing a useful resume of previ- 
ous information, 

Kai mine. — This mine, which is situated in Gangoli pargana, is, ac- 
cording to Mr. Atkinson, the most important in Kumaun. Mr. Henvvood 
was unable to examine the deposit in siiii owing to the ruinous condition 
of the galleries. The matrix of the ore is stated to be a talcose slate 
with quartz, calc spar and dolomite. The ore itself is chiefly pyrites, 
which occurs in thin strings, but grey co])per also occurs. Colonel 
Drummond found the cupriferous band to be about % feet thick, of which 
20 per cent, was ore. Authorities differ as to the true strike and dip of 
this band. It is traditionally reported that large quantities of metal 
were produced from this mine, but it is now deserted, and to open it 
])roperly would, in Mr. Barrati^s opinion, cost more than it would be 
likely io yield. 

Sira mines. — The Sira mines are in pattl Barabisi, in pargana Sira, 
and are situated on the side of a mountain. The ore is pyrites accom- 
panied by muudic, and it occurs in beds of talcosc and calcareous rocks. 
As blocks of more than a foot cube, which were permeated with veins 
and spots of ore, had been extracted, it was concluded that the bed was 
largo. The recent writers were unable to obtain access to the interior 
owing to the galleries having fallen in, but Colonel Drummond found 
that at *53 fathoms a band of ore was met with in the level, and another 
at the end of it, neither of them apparently being of much promise. 

Gaul mine. — This mine, which is in paltl Kharahi, is said to be 
similarly situated to one called Sor-guraiig. Mr. Henwood describes the 
including rocks as being a white talcosc slate and a siliceo-calcareous rock 
which strike south-east by north-west and dip south-west 35^" to 45". 
Tlu) ores occur in very small quantities ; they consist of pyrites, grey 
copper, and the carbonates ; the deposit does not apjicar to be of much 
value. 


^ Selections from Records, Government of India, Vol, VI 11, 1855. 
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Mr. Atkinson mentions the following additional localities where 
traces of copper ores have been observed : Ganai and Phadiali, in patii 
Athgaon, pargana Gangoli ; at Bujul and Rathayat in paiti Bel ; and at 
Tamba Patti in paiti Gangoli^ in a matrix of talcose rocks. There are 
small mines in paiti Giwar at Chin-ka-kali, Beler, Sor, and at Kemakhet, 
on the east bank of the Ladhya river in Kali Kumaun. 

^^Thc above-mentioned Gangoli, Sira and Sor mines were farmed 
from the conquest till 1828, when they were leased for one year to the 
miners and were again farmed at a reduced rent in 1833. In 1815 they 
yielded a revenue of Rs. 850, which was increased to Rs. 1,201 in 1819 and 
1820, and to Rs. 1,215 in 1821 and 1822; but in 1874 the whole of the 
copper mines of Kumaun brought in a revenue of only Rs. 30 a year.’’'^ 

The following mines are all situated in the Garhwal district. They 
are more extensive and are said to have borne a higher reputation than 
those of Kumaun. 

Dhanpur, Lat. 30° 13' ; Long. 79^ 9'.— The descriptions of the rocks 
at these different mines vary a good deal. Some speak of the matrix being 
a dolomite, while others describe it as a silicious limestone which may 
of course be dolomitic. Occasionally too the term steatite is used for a 
rock which is probably a talcose schist. The metalliferous zone at Dhan* 
pur is said to be 50 to GO feet thick, the ores occurring in thin subordinate 
bands, but, according to Mr. Hen wood, there is concentration of ore at the 
points of intersection of certain joint planes in the limestone with the 
planes of bedding. A seam of ore one foot thick is mentioned by Mr. 
Wilkins, but generally it occurs in seams of an inch or less in thickness. 
The ore found is principally pyrites, but purple and vitreous copper, red 
oxide, and the carbonates also occur. 

The native system of working was to chisel out the thin seams of 
comparatively soft ore and then to burn the rock so as to facilitate its 
removal. According to Mr. Atkinson, the mine is not now much worked 
by the natives, partly owing to the intricacy of the passages and partly 
in consequence of the belief that it is nearly exhausted. 

Diionui, Lat. 30° 12' 30"; Long. 79° T 39". — This mine is situated on 
the south side of the Dhanpur range, and according to some of the 
authorities it is considered that the deposit is continuous with the one last 
described, the including rocks being identical, or nearly so, in character. 

Mr. Barratt gives a full description of one of the mines near the 
village, which was the only one open. The incline dipped with the ore 
from the outcrop on the mountain side at an angle of 10° south-south- 
west. The seam of ore, for it docs not appear to be a true lode, was 2 
feet thick and was rich in copper pyrites and purple copper ; the air at the 
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bottom of the incline or drift was so foul that the men could only stay in 
it for a few minutes ; six men worked in turns, five breathing fresh air 
outside while one was inside in the dark, as no light would burn in the 
vitiated atmosphere. The pyrites is said to contain 25 per cent, of 
copper. Mr. Barratt was of opinion that this mine with proper system 
could be worked profitably. Copper was then selling at Ks. 2 a seer, or 
at the rate of £224 per ton. 

To the west of the village there are several deserted mines, the cus- 
tom of the miners having been to open a new mine on the outcrop when 
the passages in the old. ones became too intricate. There is water power 
suitable for machinery miles below the mine, and an abundant supply 
of wood for all purposes. 

Agar Sera. — At this locality, which is in the paUi Lobha and at 
Tomacotee, 3 miles north-north-west of Agar, there are old mines 
which appear to be not much worked owing to their depth and the bad- 
ness of the ventilation. Mr. Ilcnwood thought that the thin strings of 
vitreous and purple copper traversing the quartz, though not constituting 
a rich ore, offered some encouraging features. Improvements in the 
mines were suggested by Mr. Barratt, but the adits required could not 
be cut in the hard rock except at great expense. He states that the 
Tomacotee mine is favourably situated, wood and water being abundant, 
and the Ramgunga might be made use of to afford power to pump mines 
below the base of the mountain. 

PoKinu, Lat. 30° 20'; Long. 79° 15'. — This locality is in the centre 
of a group of mines bearing the following names : Chaumattiya, Rajahs, 
Nota, Thala, Danda, Talapungla, and Kharna. The first three were the 
scene of the experimental mining carried out by Government under 
Mr. Wilkins, which has been described above. These mines were 
worked in early periods by the Garhwal Rajas and subsequently by the 
Gurkhas. Some of the mines offer considerable facilities for working; 
in others there would be difficulty in establishing effective drainage ; 
in some, the ores are said to be rich. Mr. Kenwood’s report^ on the 
Chaumattiya mine, more clearly than those by any of the other 
authorities, indicates the mode of occurrence, and is in part applicable to 
all the mines throughout Kumaun and Garhwal. He says : There is 
no lode or metalliferous vein visible in it, nor have we seen one during 
our enquiries in this country. The copper ores extracted lie in thin 
plates between the lamina? of the slate rock, which bear about 20° west of 
north (magnetic), and dip north of cast, 50°. The formation exposed in 
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the deeper part of the gallery is a fissile homogeneous lead blue slate, which 
closely resembles the Killas of some parts of Cornwall, and the metalli- 
ferous slates of Wicklow ; on this reposes an equally thinly laminated 
rock of a pale yellowish buff colour, which seems almost exclusively 
composed of talc ; extremely thin short beds of quartz occur conformably 
at intervals between the slaty lamina), occasionally tinged with earthy 
brown iron ore. Copper pyrites and purple copper ore, in plates equally 
as thin as those of quartz, but perhaps rather longer aud broader, are in 
like manner interstratified amongst the rocks, possibly rather more 
abundantly near their junction than elsewhere. Where they touch the 
quartz they transfuse it, and the united mass for an inch or two 
increases in size, but it as rapidly dwindles and they soon separate. They 
seldom exceed lialf an inch in thickness, the metallic, equally with the 
earthy ingredients evidently being part of the rock formation, which is 
copiously stained with the green and occasionally with the blue carbo- 
nates of copper.-"^ 

Ilegarding the Rajahs mine, which however had fallen in at the time 
of his visit and was inaccessible, Mr. Hen wood remarks : We have 
never before seen a spot so scantily sprinkled with ore, and offering in 
our judgment so small a prospect of improvement, so extensively and 
pcrseveringly worked.^'’ 

It would seem from a perusal of all the numerous reports that these 
copper deposits of Kumaun and Garhwal are not such as to offer a very 
encouraging prospect for the investment of capital. 

Mr. Henwood^s acquirements give to his opinions a much higher 
value than can be attributed to those of some of the other writers. He 
states that of the reports which had been written before his visit, Mr. 
Lushington^s was by far the most minute and practical. 

In reference to the high price of copper in the hills it should be 
borne in mind that this would probably be reduced by a large outturn, and 
the demand being limited, another market would have to be found for it. 

The native process of smelting the ore being substantially the same 
as that in practice in Sikkim, and which is described below, need not be 
specially noticed here. 

Nepal. — The existence of mines of copper in Nepal has long been 
known, but beyond the bare fact there is no information whatever owing 
to the jealous way in which the resources of that country are kept hid- 
den from the public. In 1S33^ Mr. B. Hodgson presented some samples 
of copper pyrites largely mixed with mundic from Nepal to the Asiatic 


* Jour. As. Soc. Bcwgiil, Vol. U, p. 95, 
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Society* Dr. Campbell/ when announcing the discovery of copper ores 
in the Darjiling district, alludes to thos6 of Dunkoota, in Nepal, as 
being rich ; and Captain James also refers to the excellence of samples of 
Nepal ores. In the year 1854 Jung Bahadur presented some samples 
of ore to the Asiatic Society, and Mr. Piddington, observing that these 
included pieces of a curious mineral worthy of special investigation, 
applied for further samples which were ultimately obtained for him by 
Major Ramsay. 

Mr. Piddington^ describes the matrix of the ore as consisting of 
different varieties of quartz, all beautifully stained with the turquoise 
blue of the copper which the ore contains, and the matrix is varied by 
nests, layers, and plates of a bright fawn-red ore, which is a silicate of 
cerium and iron ; altogether it is one of the most beautiful and showy 
of minerals. The ore itself is massive and uncrystallised and occurs in 
veins from six-eighths to one-eighth of an inch or smaller. In exter- 
nal appearance it resembles some of the varieties of graphite ore 
the ores of antimony for which, where the enveloping quartz has no blue 
stain, it might be mistaken. The Nepalese having smelted some of it 
cast it into cannon balls which when fired flew into pieces. 

Mr. Piddington^s analysis of the ore, if it could be relied on, shows 
that it had a very complex composition, and he proposed for it the name 
Nepauliic. The constituents were stated to be as follows — • 


Sulphur 


. 1-60 


Silica 


. 3-00 


Bismuth Carbonate 


. 31-80 

28’5*> 

Copper „ 

. . 

. 22-96 

14*40 [ Metal 

Iron „ 

. , 

. 25-62 

9-21 ) 

Cerium oxide 


. 9-10 


Lanthanum P 


. 2-80 



Total 

. 100-78 



As has been remarked in Chapter III, the ore apparently contains 
a large percentage of bismuth. 

Mr. Medlicott,^ when he visited Nepal in 1875, was not permitted to 
examine the copper mines, which he believed to be situated on a faulted 
or disturbed line of junction between the gneiss and some quartzite 
schists. By a curious coincidence, when passing along the road near this 
place he met a number of coolies carrying copper which was being 

* Jour. As. Soc., Beugul, Vol. XXIII, p. 207. 

* Idem, p. 170. 

3 Records, G. S. 1,, Vol. VIII, p. 96. 
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imported from India, and hence he concludes that the native resources in 
the metal cannot be very great at present; but there were abundant 
heaps of refuse from old copper smeltings. 

Darjiling District, — The existence of copper ores in the Darjiling 
district and its neighbourhood was first discovered in 1854? by a Nepalese 
m the service of Dr. Campbell. This man had been accustomed to the 
appearance of the ores of copper from having seen them worked in 
Nepal. Dr, Campbell* at once took steps to prove the deposit, and 
samples were forwarded to Mr. Piddington for assay. The claim of the 
Govemment to all ore found, was announced in accordance with the rules 
issued when the territory was ceded to the British in 1839. In 1856, 
the mines which had been opened were visited by Mr. Taylor, a prac- 
tical miner, whose report was unfavourable to the possibility of their 
being worked with profit. In the year 1874, during the course of his 
geological survey, Mr. Mallet ^ examined all the known localities where 
copper had been found. The following is an abstract from his published 
report. His classification of them, according to their condition when 
visited by him, was : Mine now worked, Mangphu ; mines abandoned 
but still partially open. Rani Hat, Pashok (1), Kalingpung; mines aban- 
doned, Malianadi, Pashok (2), ravine west of Chel river, Chel river; trial 
openings, Pankabari, Rani Hat, Mangwa, Re Ung ; recently discovered 
and not opened up, Rangbong, Sampthur. 

The ores at all the above localities occur in rocks of the Daling series, 
or in the transition rocks between them and the gneiss, but none are in 
the gneiss itself. In all cases the ore is copper pyrites associated with 
inundic or iron pyrites. Traces of the sulphate, carbonates, and oxides 
of copper occur as the result of the alteration of the sulphide. The ore 
does not occur in true lodes but is disseminated in the schists and slates. 

Ran I Hat. (1) — In the bank of the Rani naddi, a mile above Rani 
hat, two excavations have been made, where there was a small quantity 
of pyrites with traces of copper. 

Rani Hat. (2) — A mile north of and 1,100 feet above Rani hat, the 
ore occurs in quartz and hornblendic schist in thin and scattered layers, 
through a stratum of about 18 inches in thickness; the dip is 65° to 
north. There were six galleries visible, hut five of them had fallen in ; 
the mine was free from water owing to its steep position. It had been 
worked for a short time in 1873. 

Maiianadi.— On the west side of the Mahanadi, near the north of 

' Jour. As. S(K*. Bengal, Vol. XXIII, pp. 206 and 477 ; and VoL XXIV, p.p. 251 and 
707. 

2 Mem., G.S. 1., Vol. XI, p. 72. 
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the BafFupani, the ore occurs in a stratum, 2 feet thick, the gangue 
being hornblende schist with quartz, and dipping 30^* to 40* to west ; as- 
sociated with the pyrites there is some zinc blende. There had been 
several openings here, but they were abandoned and had fallen in. Mr, 
Mallet considers that the ores at this locality and Rani hat may be on the 
same horizon, and that there wei’e probably workings at intermediate 
spots, but he could obtain no local information about them. 

Pasuok. — The principal mine is on the hill side above the Rangiak 
stream. It has been worked by different proprietors. The copper bear- 
ing rock is similar in character and is considered to be on the same horizon 
as that at the previously mentioned localities. A sample of ore for- 
warded by Dr. Campbell to Mr. Piddington yielded only 1| per cent, of 
C 02 )per. Another mine here has fallen in. 

Rangbong. — Copper ore is reported to have been found here. 

Kalingpung.— The mine is two miles north-east of Kalingpung. 
The rock is clay slate with bands of quartzite and little seams of quartz. 
The ore occurs in all, but principally in the quartz. The mine was 
worked about the year 1871 or 1872, but was given up on account of the 
hardness of the rock. The largest opening runs for 40 feet along the 
strike, and is 10 to 12 feet deep. 

Rk XIng.-^A trial drift was made about a quarter of a mile from the 
mouth of the Re Ung. The rock is clay slate with bands of quartzite; 
dip 40° to north 30° east. The ore is sparsely distributed in the rock 
and the drift had been abandoned. 

Mangpiiu. — This mine is on the Tista ; it was opened about the year 
1870 and is considered to be the best in the Darjiling district. It was 
the only one being worked at the time of Mr. Mallet'^s visit. The rock 
is a light green slate, containing irregular layers of fine slaty sandstone ; 
the dip is to from 30° to 40° to north-east. The ore, with which there 
is little or no mundic, occurs in both rocks in lenticular layers. The main 
inclines in the mines descend with the dip to a depth of 4G feet ; they 
were dry in January. The cupriferous layers occur at intervals through- 
out a total thickness of 200 feet, and there have been openings into 
these at various levels. 

The lessee stated that the yield of copper from the picked ore is 4 
per cent., and that during a year he had made 72 maunds of copper, i, e. 
upwards of two and a half tons. 

Sampthar. — In a lateral ravine which joins the Lesu south of Samp- 
thar indications of copper have been exposed by a landslip. The mode 
of occurrence and character of the ore is similar to that last described, 
but the extent of the deposit is not known. 
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West of Chel eiver, — A email quantity of ore was extracted from 
the elates in a ravine west of the Chel river. The band of ore was only 
one or two inches thick and the dip was north at 40'^. 

Chel river. — This mine was unfavourably situated, being in the bed 
of the river. The seam or band of ore was from 4 inches to a foot in 
thickness, and the slate including it dipped east of north at 30*^. The 
mine was difficult to work on account of sickness, and was given up in 
consequence of the death of a number of the workmen. 

Sikkim : Rattu. — This mine is in Independent Sikkim. The rock 
is clay slate with lenticular bands of quartz ; the dip is high, approximat- 
ing to the vertical. Mr. Mallet says the ore is the best he had seen ; it 
is free from mundic and occurs in considerable quantity. A selected 
sample gave 9*1 per cent, of copper, and an ordinary one from a heap 
prepared for washing gave 7*8 per cent. 

Bhutan : Chamurchi. — Copper ore is said to occur in the river near 
this locality ; some Nepalese who attempted to work it were driven away 
by sickness. Mr. Mallet found a piece of quartzite containing copper ore 
in the bed of the river. 

Western Duars : Buxa. — Mr. Mallet alludes to a discovery of 
copper ore in a greenish slate with quartzose layers at a spot half a mile 
west of Buxa. The proportion of mundic at the surface was greater 
than that of the ore. Since his visit samples of copper ore from several 
places in this neighbourhood have been forwarded to the Geological Sur- 
vey for examination and report. One specimen of bornite or purple copjier 
ore, containing about 60 per cent, of metallic copper, was received ; this, if 
obtainable in quantity, would of course be highly valuable, but no evi- 
dence as to its abundance is yet available. This specimen appears to 
have been from the locality to the west of Buxa, but there is said to be 
another on the east (Official Correspondence, 1875-76). 

Mining and smelting, whether in Sikkim or Bhutan, seem to be ex- 
clusively in the hands of the Nejialese. The processes employed have 
been described by Mr. H. F. Blanford* and by Mr. Mallet. The latter 
compares the mines to magnified rabbit holes ; props to support the roof 
are only occasionally made use of, and the passages meander with the 
courses of the ore, and do not exceed a yard square diminishing down- 
wards in. the narrowest parts to half this dimension. The tools used are 
an iron hammer, a gad or chisel held in a split bamboo, and a pick. The 
light is afforded by thin slips of bamboo, the smoke from which in the 
confined passages is not so irritating to the eyes as that from other kinds 


’ Percy’s Metanurg-y, p. 387. 
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of wood. The ore is carried out in narrow baskets, and picked, crusbed 
and finally pounded with a stone hammer or pounder fixed in a forked 
stick. It is then subjected to several washing’s, ground in a hand-mill, 
rewashed, and is at last ready for the preliminary smelting. 

The furnace is either built of refractory clay, or is simply a hole dug 
in the ground with a clay rim at the sides and front, and a higher one or a 
stone at the back ; the inside is plastered wi th refractory clay if it is not 
sufficiently so naturally. The furnace is 18 inches deep, a foot square at 
top, and tapering to the bottom, where charcoal is rammed down so as to 
form a floor through which the molten metal cannot sink. There is no 
orifice at the base of the furnace. Two clay tuyeres dip into it vertically 
and are connected with simple skin bellows by horizontal tuyeres, which 
are about a yard long. The furnace when filled with lighted charcoal 
is soon raised to its full heat by the alternate working of the bellows, 
and the ore is then sprinkled on from time to time until a sufficient 
quantity of regulus, covered by lighter slag, has collected at the bottom. 
On the removal of the charcoal the surface of the slag is cooled with a 
whisp of wet straw, and several cooled and solidified cakes of slag are re- 
moved in succession, leaving the heavy regulus behind, which when set is 
taken out, pounded, and kneaded with cowdung into balls ; these are 
dried in the sun and then roasted with free access of air in a shallow 
furnace formed of a ring of slag cakes placed on edge. The last process 
or refining consists in treating the powder produced from these roasted 
balls in the same furnace, and in precisely the same manner as was the 
original ore, the result being that a fluid mass of copper is found at the 
bottom of the furnace which on cooling is removed. In this state it is 
sold at a rate equal to alx)ut lOr/. a pound, but it has to be still further 
refined before it is available for ordinary purposes. The lessee of the 
Mangphu mine informed Mr. Mallet that the yield from the various 
operations was as follows, but the figures may not be quite reliable : 
One maund picked ore = 6 or 7 seers of washed ore; 7 seers of which = 4 
of regulus ; 4 seers of regulus = 1| seers of copper, or 3| to 4^ per cent, of 
copper from the picked ore. Eight or nine seers of regulus are obtained 
at one operation in about six hours, and 8 or 4 seers of copper in about 
three hours more. 

Assam. — In Assam proper no ores of copper have as yet been dis- 
covered. According to Mr. Robinson a small quantity of smelted copper 
used to be brought into Assam from the Abor country to the north- 
cast, but the visits of the Abors used not to be much encouraged. 
It is not improbable that the deposit of ore, from which this copper 
was made, is of the same character as that found in Sikkim. 
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In ilie year 1879 Colonel Johnstone, Political Agent at Manipur, 
forwarded some copper ores from the low hills bordering the Kubo valley 
in Manipur. The samples were examined by Mr. Mallet, who found 
that they consisted of a mixture of the carbonate (malachite) silicate 
(chvysocolla) and sulphide of copper associated with cupreous haematite. 
The contained metallic copper amounted to 18*1 and the iron to 44*3 
per cent. Nothing is at present known as to the extent of this deposit. 

Burma : Arakan Division. — Nearly forty years ago some excite- 
ment was caused by an alleged discovery of copper ores on Round Island^ 
off the coast of Arakan. The specimens which gave rise to the story 
were forwarded by Captain Williams to Mr. Piddington,^ who described 
them as nodules of native copper with red and black oxide and silicate 
of coppeiV^ and in another account the blue and green carbonatea^^ were 
substituted for the silicate. Mr. S. Morny also gave an analysis, stating 
that the specimens consisted of an alloy of copper, titanium, mercuryi 
lead, cobalt, and iron. The Rev. F. Mason^ states that he saw a specimen 
of azurite or the blue carbonate of copper from Cheduba.® 

In the year 1878 Mr. Mallet visited Round Island, which he found, as 
he had anticipated, was made of stratified tertiary rocks similar to those of 
Ramri and Cheduba, and therefore very unlikely to be the matrix of cop- 
per ores. No one on the island had heard of copper ores having ever been 
found. So the matter might have rested had not Mr. Mallet found a tray 
of pellets of metal in the old collection of specimens^ in the Museum 
which were labelled Copper ore from Flat Island,’^ presented by Captain 
"Williams. It was obvious from the original papers that there had been 
confusion between the names of the two neighbouring islands. On 
examination these pellets proved to consist of an alloy of copper and tin, 
and one which has never been found native, but which is commonly made 
artificially and used by the Burmese. It is clear therefore that the pellets 
were not of natural origin. From their condition when found they had 
probably long been buried. The alteration of metallic copper and bronze 
when long buried in certain soils is well known to take place. 

Tenasserim.— Rown-zi-lenq oe Yonzaltn or Yoonzalem River. 
A specimen of copper ore from a spot on this river, said to be accessible by 
boats, was obtained by Mr. O^Riley in the year 1863, and was forwarded 
to Mr, Waldie for analysis.^ It proved to be a very singular and appa* 


* Jour. As. Soc. Bengal, Vol. XII, pp. 303, 904, 914, 

* Natural Productions of British Burma, p, 39. 

3 Records, Q, S. I., Vol. XI., p, 222. 

* Proceedings, As. Soc., Bengal, lb70. p. 279. 
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rently hitherto undescribed combination of minerals^ and Mr. Waldie 
named it after its discoverer, O’Rileyite. 

The following are the results of the examination of two specimens 
which indicate that the substance is not a definite compound. The 
second specimen appears to have been from a distinct locality— 


Copper 

17-000 

12-13 

Silver .... 

-096 

... 

Iron .... 

36-470 

4212 

Arsenic 

32-700 

38*45 

Antimony . 

1-150 

•54 

Sulphur 

Oxide of copper . 

1-360 

1*21 

Oxide of lead 

. 

1*89 

Arsenious acid . 

. 

1*12 

Protoxide of iron 


1*97 

Earthy matter . 

*560 

•12 

Loss .... 

10*664 

■45 


100*000 

100*000 


The proportion of silver in the first assay is equal to 31*3 ounces troy 
to the ton of ore, but in the second no trace of silver is indicated. Dr. 
Waldie, in consequence of the absence of sulphur in the second and its 
small quantity in the first, and the fact that the proportions of constitu- 
ents cannot be reduced to any probable formula, was inclined to regard 
the mineral as an alloy. Nothing is yet known as to its abundance or pre- 
cise mode of occurrence. 

Four other samples of copper ores were obtained by Mr. O^Riley, 
three of them in difEerent localities with the galena of Martaban and 
one in the hills east of the Sittang river. 

Mr. O^Riley ^ also obtained copper slags and metallic copper at 
three localities between Maulmain and the mouth of the Tavoy river. 
According to Dr. Oldham, who reported on these specimens, one of the 
fragments of metallic copper had been part of a manufactured vessel ; the 
other was too small to allow any opinion being formed regarding it, but 
the scoriae seemed to point to the existence of a source of ore in the 
neighbourhood. 

In the year 1873 Mr. M. Fryar- visited a locality where copper ore 
occurs, on the Megathat, a tributary of the Attaran, several days^ journey 
to the south-east of Maulmain. The ore, so far as he was able to see, 

* Records, Bengal Government, No. VI, pp. 27 and 33. 

* Letter to Commissioner of Tenaiserim, dated 26th July 1873, 
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had been breiight in solution and deposited among detritus between two 
hills, and in this detritus drifts had been made by the natives, naturally 
without success ; no vein or lode of ore was discovered. 

According to Captain Foley, as quoted by Mr. Theobald,^ stains of the 
copper carbonates occur in the Botoung hills, 90 miles north -north- 
east of Maul main. 

There arc rumours of the occurrence of copper ores in some of the 
islands of the Mergiii Archipelago, Lampei or Sullivan^s Island being 
specially mentioned, but thcire is probably no good foundation for these 
rumours. Altogether it must be stated that at present, taking into 
consideration all the available information, there is no solid ground for 
hope that copper in workable quantity will be found in British Burma. 

Upper Burma. — According to Dr. Oldham ^ the copper required at 
Amarapura in 1855 was all brought from China ; it amounted to about 
85,000 viss (==about 57 tons) per annum. Copper ores were said, however, 
to be abundant in the Shan States, and a rich deposit, 80 miles from the 
capital, is specially mentioned. Dr. John Anderson^ states that copper is 
brought into Momein from a range of hills near Khyto, and he considers 
that it might possibly become, with other metals, a regular export. In 
1873 the supposed rich deposits of copper in the Shan States were still 
un worked. Major Strover ^ states that there is a rich description of 
malachite at Bawyine and Kollenmyo. Copper mines at Sagaing had 
been worked by the Chinese but were then abandoned. Ores of copper 
are believed to be plentiful in Yunaii. 

It is noteworthy that there is, or used to be, a small export trade in 
copper from the port of Rangoon, the metal being in the form of broken 
or used-up copper vessels which had doubtless been originally brought 
from China or the Shan States. 

1 Records, G. S. I., Vol. VI, p. 94. 

* Colonel Yule’s Mission to Ava, p. 340. 

* Expedition to Yunan vid Bauio, p.p. 92, 333. 

* Gazette of India, reprinted in Indian Economist, Vol. V, p. 14, 



Boonomic Oeology.] 


KADAPAH DISTRICT, 


281 


CHAPTER Vr. 


LEAD. 

Lead — General Remarks. Madras — Kadapah — Karnul — Palnad — Bellary. Benffdl — 
Bliap^ulporo — Mongliyr — Cliiitia Nagpur — Manbhnm — Hazaribagh — Lohardaga — 
Sirguja, Central Provinces — Sarabalpur — Raipur — Jabalpur — Hoshangabad — 
Nagpur — liewah and Bundelkhand — Rajputana — Ajmir — Ulwar— Udepur. 
hayy Extra^peninsular — Balochistan — Af gbaniatan. Punjal) — Hazara — Mari — Simla 
— Sirmur — Kulu, North-Western Provinces — Garliwal — Kumaun — Nepal — Dar- 
j iling — Assam — Burma, 

Lead : General Remarks. — Ijead rarely occurs in the metallic state 
or native, and there appears to be no recorded case of its ever having* been 
found in this condition in India. Its commonest ore is the sulphide or 
galena ; many of the other ores are chiefly of interest to the mineralogist, 
but bournonite or antimonial lead, cerussite or the carbonate, pyromorphite 
or phosphate, mimetite or arsenate, and crocoisite or chromate, are all of 
economic importance. Many of the compounds of lead which do not 
occur abundantly in nature, but which are extensively used in the Arts for 
pigments, dyeing, glass-making, medicine, &c., are artificially prepared. 

Although at the present moment there are no lead ores largely 
worked in India, there is probably no metal of which the ores have been 
formerly worked to so large an extent, excepting of course those of iron. 
This is testified to by the extent of the ancient mines in Southern India, 
Rajputana, Balochistan, and Afghanistan, In some of these cases the 
ore may have chiefly been sought for for the silver which it included. 

In peninsular India the ores of lead are found in the rocks of meta- 
morphic, submetamorphic, and lower Vindhyan ages only ; but in the 
extra-peninsular areas they occur in at least one younger formation, 
namely in the cretaceous rocks of Balochistan. 

Madras, — In the Madras Presidency lead ores have been found 
in the following districts : In Kadapah, at J ungumrazpilly and Cotelur ; 
in Karnul, at Gazalpully and Koilkontla; in Bellary, in the Sandur 
hills; in Palnad, at Karampudi. All these deposits, save that at Bellary, 
occur in rocks belonging to some one or o1 her sub-divisions of the Karnul 
aeries. 

Kadapah District: Jungameazpilly or Baswapur; Lat. 14° 
46' 30' ; Long. 78^ 56' 30'.— At first sight there is not a little con- 
fusion in the accounts of the lead mines in the Karnul and Kadapah 
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districts, owing* to the fact that the name Baswapur is applied by differ- 
ent authors to wholly different places. The Baswapur of Wall is close 
to Jungumrazpilly in Kadapah, while the Baswapur of Newbold ^ and 
King is a well-known locality in Karnul, close to which is a village called 
Gazalpully. As a further source of confusion no two of the above-named 
authors spell these names in the same way, or as they are spelt on the 
map ; each village appears to be provided with a varied assortment of 
aliases. 

The village of Jungumrazpilly is situated on a pass which traverses 
the range of hills known as the Nallamallays, about 4 miles north of 
the road from Kadapah to Budvail. Mr. King^s* account partly drawn up 
from Mr. Oldham^s notes, partly from personal observations, is as fol- 
lows : The old and now deserted lead workings are at the south end 
and east side of the low ridge, just north-north-east of the village. The 
pits or galleries have been excavated between beds of dark grey silicious 
limestone, which is impregnated with strings of white and dull blue 
quartz. These rocks are referred to the Cumbum division of the Nalla- 
mallay group of the Karnul series. Granular sulphide of lead is dissemi- 
nated in very small quantities through the blue quartz. In the white 
quartz there are faint traces of copper. The strings of quartz have been 
deposited in north-north-east and south-south-west fissures, having a dip 
of 60° westwards, the strata lying at 50° to east by north. The old 
workings are to a great extent filled up with the excavated fragments 
of rock and are now overgrown with jungle.^^ 

Further south and west of Jungumrazpilly there are again numerous 
old galleries excavated in the same series of beds ; these were found to 
contain traces of galena, which appeared to be more abundant in the 
bedded rocks than in the veins traversing them, but most of the ore had 
been removed. 

East of the same village there is a zone of similar rocks traversed by 
quartz veins, striking north-north- east in which copper ores, pyrites, and 
carbonates occur. The continuity of this zone is disturbed by cross- 
faults. At Baiculcoonta it ceases. 

Captain Newbold described^ having descended a considerable depth 
into one of a group of upwards of 50 mines, which are situated to the 
south of the abovementioned road. Some of the masses of rock exhib- 
ited signs of blasting ! Other excavations, mentioned by Captain 
Newbold, are within a radius of 15 miles of the above area, at Kundela- 

* Newbold, however, mentions ‘Bussapur * in his account of Jungumrazpilly. 

2 Mem., G. S. I., Vol. VIII, p. 273. 

8 Jour,, Hoy. At. Socy., Vol. VII, 1813, p.2l7« 



Economic Geology.] KADAPAH DISTRICT. 283 

Bori and Polleram Mann. Mr. King also alludes to some situated to the 
west of Jungumrazpilly, opposite Wonypenta, and at the entrance of the 
Ghingroy Convoy. 

Mr. Wall, Mineral Viewer to the Government, describes this locality 
in two reports to Government unfortunately a plate which he refers to, 
as showing the course of the lead vein, does not appear to have been re- 
produced. He mentions the extension of the lode at points further 
south than do the other already quoted authorities. To the west of the 
main lode, and at a distance of three-fourths of a mile from it, what he 
calls a branch vein occurs south-east of the village of Nagsanpilly ; it is split 
into two portions, 2 feet apart, each averaging 4? inches thick ; they are, 
however, rich in galena, and copper ore occurs with it. The main lode 
extends into the Lunkamalla hills, Mr. WalPs analysis of these ores are 
as follows, he having made two of each 


Oz. Dwt. 


JuTigumrazpilly 

C 1 . Lead per cent. 

* i 5. 

66T)14 Silver per ton 

10 

la 

U 

la 

Lunkamalla 

3 L »» » 

12. „ 

70-121 

76-371 

»» 

)> 

9 

8 

2 

4 

Do. alime 

fl. n 

36-278 „ 


8 

4 


A sample of ore assayed by Mr. Mallet in 1879 yielded 78 per cent, 
of lead, and 22 oz. 7 dwts. of silver to the ton of lead. 

It is almost certain that Dr. Heyne^s statement. Tracts (p. 816), that 
some ore from a mine 8 miles from Kadapah,which was assayed in Bengal 
by the Assay Master and was found to contain 1 1 percent, of silver, must 
have been a mistake, since 11 per cent, would mean 246*4 lbs. to the ton 
of ore. This mine was, he says, worked by Tipu Sultan, but was aban- 
doned on account of its not being sufficiently rich. 

It is impossible to read the above account without being impressed 
with the evidence afforded of this being a metalliferous locality of much 
promise, the value of which has been much enhanced, as Mr. King points 
out, since Mr. WalBs time by the proximity of the North-Western line 
of railway. 

According to Captain Newbold (/.<?.) the origin of the extensive exca- 
vations in this tract is lost in obscurity. It is known that the mines were 
worked in the time of the Hindu kings of Bijanagar, and subsequently 
by the Mahomedan nawabs of Kadapah in the time of Halim Khan, and 


^ Madras Jour, of Lit, and Sci., Vol, XX, 1858«59, pp. 279 and 289. 
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afterwards by Hyder and Tipu ; the latter is said to have destroyed all the 
mining records ! The excavations which exhibit marks of blasting were, he 
thinks, probably worked by Mahomedans, who employed gunpowder at a 
very early period in quarrying rocks. Captain Newbold adds, however, 
that about 80 years previously, which would be about the year 1810, 
an officer of the Madras Engineers commenced work, but after a shoi-t 
time gave it up again. 

The possibility of the silver mines alluded to by Pliny having been 
in this region has already been referred to in Chapter IV. 

CoTELXJR, Lat. 14° 36' 30" ; Long. 78° 48' 15". — Captain Newbold 
refers to a report that galena was found in a hill near the Pennair river, 
not far from Kadapah, and suggests that the metalliferous zone extends 
northwards to the Kistna and southwards to the Pennair. That the 
report was well founded is proved by the fact that Mr. Wall ^ describes 
the occurrence of a vein of quartz, containing cubical crystals of galena 
at Cotelur, and striking across the river from north-north-east to south- 
south-west. He is uncertain as to its identity with the Lunkamulla lode, 
above alluded to. It traverses a bed of limestone locally known as 
poof^pagherry stone, 

Karnul District: Gazalpully or Baswapur, Lat. 15° 26',* Long. 
7vS° 45'. — Captain Newbold ^ in 1846 described the mines in the vicinity 
of these villages. They were situated about 6 miles east of Gazal- 
pully (or Gazoopilly). The galena, in association with sulphate of 
baryta, occurs in veins of quartz. Several other minerals are also present, 
the most notable being a faint reddish coloured one, which Mr: Piddington 
identified as carbonate of cerium ; ^ another mineral he named Newboldite, 
finding it to be a sulphuret of iron and an unknown earth. These excava- 
tions were numerous and were from 5 to 15 feet deep. The diamond 
mines are closer to the villages. 

Mr. WalPs account* of this locality represents it as affording favour- 
able indications. In two samples the metallic lead averaged 57*5 per 
cent., and silver was present in the proportion of 5 oz. 19 dwts. to 
the ton. 

Mr. King describes * the deposit of sulphate of baryta, which is full 
of strings of granular and massive galena, as occurring in the same way 
as at Jungumrazpilly, in the north-north -east and south-south -west 

’ Madras Jour., Lit. and Sci., Vol. XX, p. 280. 

* Jour. As. Soc, Bengal, Vol. XV, p. 389. 

® Idem, p. 52, and Vol. XVI, p. 1134. 

* Madras Jour., Lit. and Sci., Vol. XX (new series, 4), p. 286. 

* Mem., G. S. L, Vol. VIII, p. 273. 
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fissures of jointing in siliceo-calcareous beds of the same slate series. A 
broad deep trench or quarry cut in these rocks is supposed to have been 
the work of the Moguls. 

Koilkontla, Lat. 15° 14'; Long. 78° 23'. —Under the name Coilcontla, 
6 miles west of Dhone, in Kamul, which it is to be presumed is identical 
with the Koilkontla of the map, Mr. Wall {lx,) described another mine, 
the actual site being one-fourth of a mile south of the village. He stated 
that it is situated amidst hills of granite and other primitive rocks. There 
are, however, no primitive rocks nor even hills at the locality indicated. 
The rocks belong to the Khoondair group of the Karnul scries, according 
to the Geological Survey map. The ore occurs disseminated through a 
hard siliceous matrix, which would require to be crushed. This would make 
it more expensive to work than the last-mentioned ore. Forty maunds 
of this ore, sent by Captain Russell, were examined at the Mint, and, to- 
gether with samples collected by Mr. Wall himself, indicated an average 
yield of 12 to 14 ounces of silver in a ton of the lead. Previous assays by 
Dr. Scott gave 70 per cent, of metallic lead from the dressed ore. Mr. 
Wall refers to the prospect of the railway rendering it possible to have 
this ore carried to some locality where fuel is abundant. 

Dr. Balfour * gives an account of ores, apparently from the same 
locality, which were exhibited in Madras in 1857. He speaks of samples 
18 inches in diameter and weighing upwards of 3 cwts. The ore is said 
to have been discovered accidentally by the late ex-Nawab of Karnul 
when digging a well. Although Dr. Scott^s first analysis showed no 
silver, after re-examination the ore was said to contain uj) wards of 1 
per cent, or 374 ounces to the ton. Other analyses of specimens from 
Karnul yielded respectively 175 oz. 3 dwts. and 165*15 dwts. in the ton 
of lead, as already stated in the Chapter on Silver. But as these 
results are exceptional, being quite unprecedented in .India, they require 
confirmation before they receive implicit acceptance, 

Palnad District: Kauampudi, Lat. W 26 '; Long. 79° 47'. — 
Mr. King ^ mentions that there are old lead mines at the north-eastern 
extremity of the Wanmyconda range, near the village of Karampudi, 
in the Palnad, a district on the Kistna, west of Guntur. 

The mines are in grey siliceous limestones belonging to the Karnul 
series. 

Bellary District : Sandur Hills. — According to the Bcllary Dis- 
manual, trict (p, 95), lead has been found in the above-named hills. 

' Cyclopasdia, Art. — Qalciu. 

» Mem., G. S. 1., Vol. VIII, p. 271. 
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The so-called antimony^ 1 found near Vizianagram, is also possibly 
galena. 

Before leaving the subject of South India lead ores it may bo of 
interest to quote an old analysis by Dr. Thomson'^ of a supposed new 
species of lead ore procured in the shops at Madras by Dr. Heyne, who 
believed that it originally came from Malacca and Sumatra. It was 
employed medicinally. 

Externally the mineral was blackish blue with green stains here 
and there. Internally^ when broken, it resembled galena, but was some- 
what darker. Dr. Thomson considered it to be a chemical compound 
of the sulphides of iron, lead, and copper, and not a mechanical mixture. 
He suggests the possibility of its being of artificial origin. The result 
of his analysis proved that it contained — 


Lead sulphide 67*269 

Copper .......... 40'860 

Iron .......... 2*190 


Total . . 100*309 


Bengal : Bhagalpur Division. — Within the limits of the Bhagal- 
pur Division lead ores, j)rincipally argentiferous galena, have been found in 
the Sontal Parganas disti’ict at or near the following localities : Sankera 
Hills, Turee (?Tiur) Hill, Bairuki, and at Panch-pahar, or Akasee. 

In the Bhagalpur district the occurrence of lead ores is recorded from 
Gouripur or Phaga (also known as Lachmepur) , Dudi Jor, Karda, Gonora, 
Kejurea, and Kliureekar. 

In the Monghyr district, in or near the Kharakpur hills, and in the 
Chakai pargana, there are rumours of lead ores having been found. 

The Institutes of Menu are said to refer to the region in the vicinity 
of the Mandar Hill as being rich in mineral wealth. By some authorities 
it is thought that the terms Chandu, Chandun, &c., which occur as 
names of certain hills and rivers, may have reference to an early know- 
ledge of the fact that silver [chand) occurred in the lead ores. 

Throughout the division, except perhaps in the doubtful Kharakpur 
locality, these deposits all occur in the older crystalline or metamorphic 
rocks. 

Sontal Parganas District : Sankera. HiLls, Lat. 24"" 18'; Long. 
87° 22' 30"'. — In these hills, which are about 5 miles to the north-cast of 
the station of Nya Dumka, Captain Sherwill, who calls them the Singhee- 

^ Vizagapatam District Manual, p. 155. 

* Memoirs of the Wemerian Natural History Society, Edinburgh, Vol. H, 1818, p. 252. 
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math hills, indicates on his map that galena had been found. The rocks 
belong to the general metamorphic series, a trap dyke traversing them from 
north to south. The exact spot is not known; possibly it ^ was in the 
Chandrapaliar (or silver hill) to the south-west of the main mass of the 
Sankera hills, 

Turee Pah ar,— According to Dr. McClelland i galena was obtained 
at a place bearing the above name ; possibly it is intended for Tiur, lat. 
24° 30' ; long. 86° 54'. 

Bairuki, Lat. 24° 35' SO*"; Long. 86° 40' 15^. — In the Chapter 
on Copper this locality has already been described. The copper ores 
occur there in greater abundance than do those of lead, so far as is at 
present known. 

Mr. Piddington ^ describes the samples forwarded to him as consisting 
of (1) bright large-grained galenas, and (2) cupro-plumbitc, an ore of 
copper and lead in diagonally lamellar veins ; neither of these yielded any 
silver to Mr. Piddington^s analysis, though the copper ores did, 

Mr. Barratt^ describes the lead deposit as being situated 60 fathoms 
to the south of the copper. A true lode had not been found, but lumps 
of lead ore, several of them consisting of pure galena, 20 pounds weight, 
were taken from a bed of quartzite, which strikes with the rocks gener- 
ally from cast to west. 

Messrs, Johnson and Mathey assayed some of this galena with the 
following result— 


Lead 82*25 

Silver • *09 

Sulphur .......... 15*40 

Carbonic acid *86 

Silica 1*40 


Total . . lOO'OO 


The proportion of silver = 29*4 oz. to the ton of ore; it contains a 
very slight trace of gold. A ton of the smelted lead therefore would 
contain 35 oz. 14 dwts. of silver. 

Pancu Pahar or Akasee, Lat. 24° 38' ; Long. 87° 15'. — Close to 
the village of Akasee, in the Passye pargana, the presence of lead ore 
is indicated on the Revenue Survey map by Captain Sherwill ; and 

^ Report on the Goolo^^ical Survey of India, p. 32. 

“ Jour. As. Soc. Bengal, Vol. XX, p. 7. 

Report to Messrs. Mackey and Co., Calcutta, dated Birbhum Iron Works, December 
1856, p. 8. 
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Dr. McClelland says that it occurs in a decomposing bed of coarse gra- 
nular quartz, glassy actinolite, or, as suggested by Mr. Dodd, perhaps 
coccolite and earthy felspar. 

The galena, in small crystals, constitutes, it was estimated, about 2 
per cent, of the mass. A shaft was sunk, but the prospect of the ore 
occurring, in sufficient quantity to be extracted with profit, was considered 
to be small. 

Several earlier notices of this ore exist, one by Dr. Buchanan, who 
visited it in the year 1810,^ when its possession was an object of dispute 
between two zemindars, Rupnarain and Kadar Ali. 

In another account by him ^ he states that it was not galena but 
antimony, and that he believed the deposit to be inconsiderable, 

A subsequent notice is by Mr. Jones, in his account of the Mineral 
Productions of Bengal.^ Although he speaks of it as being situated in 
Kharakpur zilla, his mention of Dr. Buchanan and the two zemindars 
makes it certain that this was the locality. He speaks highly of the 
samples which proved to be galena, containing 60 per cent, of lead and 
an unascertained quantity of silver. 

Dr. McClelland has recorded that he received from Mr, Duncan, 
Deputy Magistrate of the district, a specimen of a similar but richer ore 
from another locality. The name is not given, but it is said that Mr. 
Dodd, who reported on the subject to the Government, found the ore to 
be rich in silver, 

BliELgalpur District: Goukipur or Phaga, Lat. 24° 47'; Long. 
86° 59'. — At a point between the villages of Gouripur and Phag-a there 
is a galena mine, variously spoken of as the Laksmipur, Phaga, or 
Fogga mine. 

In the year 1878 the sinking of a shaft to test the extension of the 
lode was commenced, and subsequently a prospectus, with a view to the 
formation of a company, containing the reports of Mining Engineers and 
the results of assays, was issued by the holder of the mining rights 
from the landlord, the Raja of Laksmipur. At the time of writing no 
company appears to have been formed and work has been suspended. 

The vein runs with the metamorphic rocks which strike from north- 
east to south-west and the dip is 45. One of the reports states that 
the ore is associated with sandstone, which is certainly a mistake. In- 
formation regarding the lateral and vertical extent of the lode is 
incomplete, but it is stated, in a report by Mr. C. Hen wood. Mining 

* Vide Friend of India, Foby. 28th, 1830. 

* Eastern India, M. Martin, Vol. II, 1837, p. 188. 

® Gleanings in Science, Vol. I, 1829, p. 282. 
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Engineer to the Puttiala and Subathu silver^ lead, and copper mines, 
that in the vertical shaft it continued for 28 feet 6 inches, when it 
dipped out southwards. It was proposed to intersect it again by a cross 
cut from the bottom of the lode. A sample of galena from the 
surface yielded to Mr. Hen wood 77 per cent, of metallic lead, and 
a sample assayed by the Chemical Examiner to the Government pro- 
duced 391 ratis of lead out of 500 rait^ of ore=r78 per cent, and 55 
chittacks (= 103 oz. dwts.) of silver to the ton of lead. 

Another sample assayed in the. Geological Survey laboratory yielded 
60 per cent, of lead and 58 oz. of silver to the ton. 

Some other assays give still higher percentages of silver, but it seems 
possible that they were not made with suitable apparatus and are not 
therefore to be implicitly relied upon. 

A separate deposit is said to exist three-fourths of a mile north of 
Gouripiir at a locality called Karabank, but regarding it no particulars 
are available. 

The Gouripur mine is 30 miles south of the Bhagalpur Railway sta- 
tion, and about 25 miles from the Baijanath and Simaltollah stations 
ix3spectively, 

Dudijor, Lat. 24^ 41' 15" ; Long. 86° 47'. — A mine was also opened 
here in February 1879. Its position is stated to be 13 miles north-east 
of Simaltollah and 12 miles south-west of Gouripur. Galena was dis- 
covered in the gossan, near the surface, and, according to Mr. Henwood, 
yielded 71 per cent, of lead and 42 oz. 3 dwts. of silver to the ton of oro 
(Plead). # Other localities in this neighbourhood where ore occurs, but 
regarding which no particulars are available, arc called respectively — 

Karda, Lat. 24^ 40' 15" ; Long. 86° 47'. 

Gonora, Lat. 24° 39' ; Long. 86° 46'. 

Kejurea; Lat. 24° 40' 15"; Long. 86° 44' 30". — This locality is 
situated about 4 miles to the west of Dudijor. Here the ore is de- 
scribed as occurring in a saccharine quartzite. Samples of ore mixed 
with gangue gave 12 percent, of lead and 46 oz. 4 dwts. 3 grs. of silver 
to the ton of lead. No actual measurements, as to the extent of this 
deposit, are available. 

Khurbekiiar ; Lat. 24° 50'; Long. 86° 52' 15" (A. S., 112). — Be- 
tween the villages of Khureekhar (or Khyreekhad) and Narea a deposit 
of galena was discovered by some iron smelters about the year 1866 ; 
and ill the year 1871, the fact was brought before the notice of the 
Bengal Government by the Collector, Mr. V. G. Taylor, specimens 
being forwarded for examination and report to the Superintendent of the 
Geological Survey. On assay these yielded 52 oz. 8 dwts. 14 grs. of 

T 
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silver to the ton of lead,— a ferruginous gossan (or pacoi)^ yielding 3 oz. 
18 dwts. 9 grs. to the ton. Np account of the extent of the deposit has 
been publislied, hut judging from the geological map, it is not impro- 
bable that the lode or pocket is connected with some reefs of vein quartz 
and fault rock which traverse the metamorphic rocks from north-east to 
south-west in that vicinity. As a further indication of the position of 
this locality it may be stated that it is situated 7 miles north-north-east 
of Katiiriya, and about 22 miles to the north-east of Simaltollah station 
bn the chord line. 

Monghyr District; Chakai Hills. — In the Chakai pargana galena 
containing a small percentage of silver is said to occur.* This is probably 
the source of the aurma, which is said to be sold in the local bazaars. As 
there is no precise indication of the locality, it is perhaps identical with 
Mahabagh or Mahabank, in the Hazaribagh district, as the mine there 
is just on the boundary and coincides with the position of the Putro river. 
This is in lat. 24° 25' ; long. 86° 25'. 

Khaiiakpuu Hills: — According to Captain Sherwill,'^ a vein of argen- 
tiferous galena was discovered somewhere at the base of these hills in 
1847, but as the discovery was kept secret the exact locality is not 
known. The ore on assay in Calcutta was said to have contained much 
silver. Red lead or minium is reported to have been obtained from the 
bed of some stream in the Kharakpur hills. 

Ohutia Nagpixr Province. — In the province of Chutia Nagpur 
lead ores have been found in the following districts : In Manbhum 
at Dhadka ; in Hazaribagh at Mahabank or Mahabagh, Bmragunda, 
Mehandadi, Barhamasia, Nyatand? Nawada, Khesmi, Mukundganj, 
Parseya and Hisatu; in Loliardaga at Barikhap and Sili ; in Sirguja at 
Bhclounda and Chiraikund, At all these localities the rocks in which 
the lodes or veins occur belong to the metamorphic series. 

Manbhum District : Dhadka, Lat. 22° 48' ; Long. 86^ 36' — This 
name has been given to indicate the position of deposit of galena which 
was discovered in the year 1869. Dhadka has been chosen as it is a 
well-known place, about 40 miles from Purulia and 65 miles from 
Midnap ur vid Silda, but a more precise description of the locality is that 
it is situated in a hill of mica schist close to a dih called Jani Jor, where 
there is an outlying house of the village of Dekia, about 1 mile east of 
Dhadka. 

The galena was found to exist in lenticular masses in quartz and 
sometimes in a regular gaiigue stone of brown ha3matite and quartz, in 

‘ Statistical Account of Bengal, Vol. XV, p. 31. 

’ Jour. As. Soc. Bengal, Vol. XXI, p. a06» 
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other words iu a true lode. Recently there has been some attempt to 
test the extent of the lode which was first brought to notice by some 
Kumars^ who found it when searching for iron ore, veins of which 
occur in the same hill. The first samples of galena which were obtained 
yielded on assay 119 oz, 4 dwts. 16 grains of silver to the ton of lead, 
a somewhat exceptional amount. Traces of antimony were also noted- 
Exploration in this neighbourhood, whioh has been in progress during 
the present year, has revealed the presence pf one or more distinct deposits 
from that above mentioned. 

The following analyses are by Mr. Pedler 



A 

B 

Lead ....... 

79*68 

79*49 

Silver 

0*17 

*226 

Sulphur 

12*33 

2*324 

Coi)per and aiitiinouy sulphides . 

1*24 


Iron and zinc ..... 

0*96 


Gan<^uc ...... 

4*93 

2*85 

Moisture, loss, &c. .... 

0.69 


lOO* 

... 


— 

— 

oz. 

oz. 


The silver in A — CO‘92 per ton of galena 

or 76*34 per ton of lead. 

,, ,, ,, B 80*99 ,, ,, 

>, 101*9 

>» 

A sample recently assayed by Mr. Mallet contained 99 oz. of silver 
to the ton of lead. 

Hazaribagh District: Mahabank ou 

Mahabaoh, 

Lat. 24.° 25'; 

Long. 86° — On the Putro river, about 

1 mile north 

-nortb-wesfc of 


the villag(i of Mahabank, and about the same distance to the north-north- 
east of Gulgo, in tlie Pachamba sub-division of Hazaribagh, Mr. Mallet* 
describes the following section — 

(a ) . Hornblende schist overlaid by — 

(^j. Largely crystalline white limestone containing scales of light 
green mica here and there ; this bed is about G feet thick and 
is covered by— 

(c) . A peculiar mixture of garnet and coccolite, containing traces of 
galena and copper. In places the two minerals are well 
intermixed ; in others the garnet occurs in a pure massive 
form (so called calderite) only a few feet of this rock (c) is 
seen. 


i Records, G. S. L, Vol. Ill, p. 74. 
• Idemy Vol. Vll, p. 34. 
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Specks of copper pyrites and zinc blende were observed in the last 
named rock, and on the north bank of the river the beds are cut through 
by a nearly vertical granite vein which contained galena. The limestone 
appeared to be in useful quantity. 

During the past year (1880) this deposit was opened out and some 
very fine specimens of argentiferous galena with copper pyrites and zinc 
blende were obtained. A Company was formed in Bombay, bearing the 
title Imperial Silver Lead Mining Company, Limited, with a capital of 
Rs. G, 00,000, having for its declared object the development of these ores. 

Owing to the promoters having absconded and other circumstances of 
too recent and current a nature to be treated here as matter suitable for 
historical comment, the Company's operations have been in abeyance, and 
there is no further information available as to the extent of the deposit. 

Bakagunda, Lat. 24° 4' 3"; Long. 86° 7 \ — In the course of some 
recent excavations which have been made at the copper mines at this 
locality galena has been obtained. 

Mehandadi, Lat, 24° 22' 30"; Long. 86° 20'. — Loose fragments 
of lead ore (cerussite) were obtained on the surface, a short distance to 
the east of Mehandadi, according to Mr. Mallet,^ The nature of the 
source from whence they were derived is not known, as ground had not 
been broken. Mehandadi is about 6 miles to south-west of Mahabagh. 

Baehamasia, Lat. 24° 20'; Long. 86° 18'. — Similar fragments are 
alluded to by Mr. Mallet {l.c.) as having been found at Barhamasia, 
about miles south- south-east of Mehandadi. A specimen of cerussite, 
forwarded by Mr. G, Peppe from this locality, yielded on assay by 
Mr, Tween 86*52 per cent, of lead, but no silver. 

Nyatand, Lat, 24° 30'; Long. 85° 45'. — Under the name Lat, 
Captain Sherwill, in his geological map of Bengal, indicates a lead mine 
which was probably in the vicinity of the village of Nyatand. The 
name Lat is not to be found on modern maps. No particulars appear 
to have been placed on record in reference to this mine. 

Khesmt, Lat. 24° 25'; Long. 84° 45' 50". — Similar fragments to 
those at Barhamasia were found here and at — 

Nawwada, Lat. 24° 25' 25"; Long. 84° 45' 12". 

Mlkundganj, Lat. 23° 57'; Long. 85° 25' 30". — There are two 
references to the existence of a lead mine in a hill close to a village with 
the above name which is situated about 3 miles south of the cantonments 
lof Hazaribagh. The first is by Surgeon P. Breton* and the second is 

» Records, G. S. I., Vol. VII, p. 35. 

2 Medical Topography of Hauigurh, Surgooja, &c, Trans,, Med. and Fbys. Soc. of 
Calcutta, Vol. 11, p. 261. 
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in a letter addressed to the Coal Committee by Surgeon Drummond.* 
The exact position of this mine, if it ever existed, appears to have 
been forgotten. 

Parseya, Lat. 24° 10'; Long. 85° 51'. — During the past year some 
large rolled masses of vein stuff with lead ore, principally galena, were, 
during the rains, washed out of the alluvium on the bank of the river 
near Parscya. Mr. Hewitt, Commissioner of Chutia Nagpur, who has 
kindly supplied information upon this and several other mineral deposits 
in his division, states that these masses of ore had much the appearance 
of being only the residuum of an original vein or pocket, the matrix of 
which had been washed away. No trace of the ore zn situ could be found. 

Hisatu, Lat. 28° 59' 30"; Long. 85° 3' 80". — The lead ore of this 
locality is first mentioned in a letter from Messrs. Motte and Farquhar, 
addressed to Warren Hastings and the Council, dated Calcutta, 1777. 
The ore they state had been analysed, and that it consisted of lead and 
not of antimony. They applied for permission to work it, and at the 
same time certain iron mines, as will elsewhere be described in this 
volume. (Chap. VIII.) 

It is again referred to in a letter to Government from Mr. Eamus, 
the Collector of Ramgarh, who describes ^ it as being situated at Seedi- 
pore (Sidpa of the map), in the pargana of Colrampore, about 8 cos»* 
south of Chattra. Some attempt was made at mining; the ore had 
previously been supposed by the Raja to be of surma or antimony, 
not of lead. In the Statistical Account of Bengal, it is stated that 
towards the end of last century the mine was worked for antimony (?) 
for 13 years, but was abandoned on account of a dispute between the 
partners. No further notice appears to have been taken of it till the 
year 1842, when it was re-discovered by Colonel Ouseley. 

On the first samples forwarded by him to the Asiatic Society 
Mr. Piddington reported^ that 500 grains of average ore contained 
1 grain of silver, the equivalent of which he estimates at 70 ounces 
to the ton of ore. A subsequent assay, however, yielded only a trace 
of silver. Colonel Ouseley stated that the ore is abundant, in reference 
to which Mr. Piddington pointed out the necessity of testing the extent 
of the deposit before any opinion could be formed.*^ Some action 
appears to have been taken in order to carry out this advice, as a fine 
set of specimens of galena were received by the Asiatic Society in 

» M.S., No. 70. 

2 Jour. As. Soc. Bengal, Vol. XII, 654. 

5 Op, ett, Vol. XI, p. 892. 

< Op. cit, Vol XII, p. 737. 
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the year 1845/ and in the folio wing^ year^ Mr. Pidding*ton piihlishcd 
a report on them, in which he states that he failed altogether in finding 
any trace of silver or arsenic, hut that copper was present. The follow- 
ng result was obtained from several analyses of picked and pure ore i — 

Water (hygrometric) 2'50 

Sulphuret of lead (giving metallic lead 47*2) . . . 54'50 

Sulphurot of antimony (giving metallic antimony 12*2) . 17*<K) 

Oxide of iron 

Silicate of iron 21*50 ) ^ 

Bismuth trace 0*00 


Loss , , . . 50 


1000 

The silicate of iron in this analysis is, to say the least, remarkable. 
This and some other analyses by the same chemist are, it is to l>e feared, 
not quite trustworthy. 

At the present day the old excavations and the debris so obscure the 
outcrop that, without clearing the ground, it would bo impossible to 
form any opinion as to the precise nature of the deposit, whether it is 
a true lode or merely a pocket. The neighbouring rocks are gneiss with 
micaceous and hornblendic schists. 

Mr. J. Donaldson, in a report on the iron ores of Hazaribagh, men- 
tions that an old revenue map indicates the presence of a lead mine 
near the village of Murpa. Since this village is situated in the middle 
of the^ Raniganj sandstones of the Karanpura field, it is not surprising 
that he failed to find any traces of ore there. 

Lohardagga District: Barikhap, Lat. 24° 20' 30"; Long. 85^ 
1 5' 20". — Close to a village of the above name, which is about 3 miles 
north of Balumath, rolled fragments of galena, partly converted into 
eerussite, have been obtained*® The rocks cf the vicinity belong to 
the metamorphic series. 

SiLi, Lat. ^3° 22' 30" ; Long. 85° 54'. — Specimens similar to the 
above were obtained by Mr. F. Linde close to Sili, on the Subanarekha,* 
samples of which are now in the Geological Museum, but no farther 
particulars have as yet been ascertained. 

Sirguja State: Bhblounda, Lat. 2^° 52' 80"; Long. 83° 18' 30". — 
Specimens of galena from a bill called Puttia, near the village of Pelowa^ 
in the llamkola zemindary, were forwarded to the Goveriynent in the 

' Jour. As. Soc. Bengal, Vol. XlV, p, 61. 

- Op, cit„ Vol. XV. p. Ixvi. 

’ Mem., G. S. I., Vol. XV, p. 126. 
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year 18G5 by Colonel Dalton/ in order that an assay might be made 
From the original manuscrii^t it appears that this locality, which was only 
known from native report, w^as situated about 24 miles north of Pertab- 
pnr, so that it corresponds with Bhelounda of the maps, which is, however, 
not in Ramkola but in Pal, an adjoining tuppeh. The rocks of this 
neighbourhood are similar granitic gneisses to those at Cheraikund, and 
they lie on about the same east and west strike. 

The specimens of galena forwarded by Colonel Dalton yielded a 
trace of silver. The clean ore, it was stated, would be worth from £ 1 2 
to £13 per ton. An attempt to work the mine, by whom it is not stated, 
proving unprofitable, it was abandoned. 

CiiiRAiKUND, Lat. 23° 53 ,* Long. 82"^ 52^ — About ^ miles to the south- 
west of the village of Chiraikund, in the Ramkola zemindary, district 
of Sirguja, and not far from the south-west boundary of Mirzapur, there 
is an abandoned lead mine which was formerly worked by a Mr. Burke. 

Mr. Mallet 2 describes the ore as a))parently occurring in two 
pockets in a light grey horny quartzite which runs parallel to the sur- 
rounding gneiss. Sparsely disseminated galena was found in the quartzite, 
but there were no indications of the existence of a true lode. Small 
crystals of cerussite were observed, but there were no traces of antimony. 

Central Provinces. — In the Central Provinces lead ores have been 
found in the following districts: In Sambalpur at Talpuchia, Jhunan 
and Padampur ; in Raipur at Chicholi ; in Nagpur at Nimbha; in Jab- 
balpur at Sleemanabad ; and in Hoshangabad at J oga. 

With two exceptions these deposits occur in the metamorphiA-ocks. 
These are Padampur, where the matrix is a limestone belonging to the 
Vindhyan (Karnul) series of the Mahanadi basin, and Joga, where 
the matrix is a band of Bijawar (lower transition) limestone. 

Sambalpur District: Talpuchia, Lat. 2r 60'; Long. 84° 5'. — 
South of the village of Talpuchia, on the Ebe river, about 30 miles north 
of Sambalpur, some rolled pebbles, consisting of a mixture of the oxides 
and carbonates of lead, were found lying on the surface. Whence they 
came originally is uncertain, but it is possible that they may have been 
derived from a small hill north of Talpuchia which consists of fault 
rock and gossan, and where excavation^ may possibly prove the existence 
of a lode. These specimens yielded 87*28 per cent, of metallic lead. 

Jhunan, Lat 21° 32' 30"; Long. 83° 55'. — The existence of a 
deposit of galena on the banks of the Mahanadi, near Jhunan, about 

^ Jour, As. Soc. Bengal, Vol, XXXIV, p. 4f3. 

2 Recoi-ds, G. S. I., Vol. V, p. 23. 

3 Op, cii., Vol. X, p. 192. 
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11 miles north-west of Sambalpur, was known by local tradition, bnt 
the exact spot was uncertain till the year 1874* when by cutting some 
trenches at right angles to the strike of the gi’anitic rocks, exposed on 
the banks of the river, a true lode containing galena, with traces of 
ores of antimony and copper, was laid bare. Lead smelted from this 
galena yielded on assay 12 oz. 5 dwts. of silver to the ton. The lode, 
where it was opened up, had a width of from 16 to 19 inches. The 
strike was from 35° north of west to 85^ south of east, with an underlie 
of 45° to 35° east of north, that of the surrounding rocks being in 
places 60°. The gangue consists of quartz which is permeated in every 
direction by nests and strings of galena, but in places massive ore 
stretches from wall to wall of the lode. 

In the year 1875 an excavation was made with a view of tracing the 
ore inland from the bank of the river, but, owing to the depth of the allu- 
vial covering, the rocks were not cleared sufficiently to render it certain 
whether the lode continued or had died out. There being no one on 
the spot capable of carrying on the operations, the work was shortly 
afterwards suspended. 

Padampur, Lat. 21° 45'; Long. ^° 37' 30". — In the bed of the 
Mahanadi, near the village of Padampur, some scattered nests and 
strings of galena occur in a limestone of the lower Vindhyan scries. 
These indications do not point to the probable existence of a sufficient 
quantity of ore to be of economic importance.^ 

Raipur District : Chicholi, Lat. 21° 5' ; Long. 80° 41'.— This name 
is retlfcied merely to avoid confusion, but it is rather a misnomer, since 
the locality where the lode occurs is situated about 3 miles to the 
west of Chicholi, on the Raipur and Nagpur road, and close to the village 
of Ranitalao. 

The discovery of galena was first made in the year 1868, by some 
stone-breakers who were employed in preparing road metal on a well- 
defined ridge of quartz, which, striking north and south, crosses the road 
at the point above indicated. Soon after, it was visited by Mr. R. B. Smart 
of the Revenue Suiwey, who prepared a special map of the locality, and 
wrote a memorandum on the appearance presented by the deposit. Dur- 
ing the same year specimens of the ore, which were forwarded by Cap- 
tain Twyford, Deputy Commissioner of Raipur, proved on examination 
to eoniiiin galena in association with fluor spar in a matrix of quartz. 
The galena was found to contain a small quantity of silver, but no 

* UoconlB, G. S. 1., Vol. X, p. 191. 

^ Idem, p. 192. 
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antimony was present.* Specimens which were subsequently examined 
yielded 9 oz. 19 dwts. and 6 grains of silver to the ton of lead. 

In the year 1870, the locality was visited by Mr. W. T. Bknlord,^ 
who has described it as follows. The ore occurs in a well-marked vein, 
composed of quartz, which traverses the metamorphic rocks, consisting of 
granite or granitoid gneiss and hornblende schist passing into diorite. 
Besides quartz the vein contains pink felspar in considerable quantities, 
green and purple fluorspar, epidote, and traces of the carbonates of 
copper. 

The direction of the vein or lode is north 10*^ east, south 10° west ; it 
forms a series of ridges some 100 feet above the surface ; in width it varies 
a good deal, being in places as much as 30 feet, from which it thins down 
till it forms a mere wall-like ridge. The galena seen was very thinly 
disseminated through this, but Mr. Blanford considered that this appear- 
ance was not inconsistent with a more abundant supply. 

Mr. Blanford mentions the occurrence of two irregularly parallel 
veins of quartz, 15 miles further east, at Waraband. These were subse- 
quently visited by the writer,^ who found traces of the copper car- 
bonates in one of them, which is north of the ddk bungalow at Waraband. 
The other is coincident in direction with a probably faulted junction 
boundary of the crystalline rocks and the lower Vindhyans of the 
Chatisgarh basin. It seems not improbable that certain quartz reefs, 
which traverse the road west of Chicholi, close to the Bagh river, and 
beyond it, are of the same age as the above, as they present very 
similar characters ; whether they include mineral lodes is a suitable sub- 
ject for future investigation. 

Jabalpur District: Sleemanabad, Lat. 23° 38' ,• Long. 80° 19'. — 
Some traces of galena were discovered here by Mr. W, G. Olpherts in a 
bed of quartzite of Bijawar age. The locality was subsequently visited 
by Mr. Hughes,'^ who could not see any indication of the existence of 
a true lode, as has already been mentioned in reference to the copper. The 
galena was somewhat sparingly disseminated in the rock. On assay 
it was found to contain 19 oz. 12 dwts. of silver to the ton of lead. 

Hoshangabad District : Joga, Lat. 22° 24'; Long. 66° 51'. — 
Some old mines situated near Joga, on the Narbada, in the district 
of Hoshangabad, and which are known locally as the Ckandi khadan 
or silver mines, have recently been described by Mr. G. J. Nicholls, 


J Records, G. S. I, Vol. I., p. 37; and Vol. U, p. 101, 
* Op. ciLy Vol. Ill, p. 44, 

’ Op). cit,y Vol. X, p. 185, 

^ Op, cit.y Vol, III, p. 70. 
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Comraissioner of Excise.^ The excavations are in tWo parallel series on 
a band of Bijawar limestohe. The more northern of these eltends eoti- 
tinudusly for a distance of about halt a mile ; the depth averai^es 25 feet 
and the width 15 feet. The southern series is 260 yards distant ; all 
alon^ it the excavations ate narrower and deeper, but are not continuous, 
and their appearance sug-gested that parallel and intersecting lodes or 
leaders had been followed. 

The samples forwarded to the Geological Survey Museum did not 
indicate the presence of a true lode. The galena appeared to be scantily 
disseminated through the iimestone and chert, the percentage of ore to 
ganguO being very small, but they were only taken from the debris 
lying on the surface. 

Silver exists in the galena, according to Mr. Mallet, to the extent of 21 
ounces to the ton of lead. But this hardly entitles the mines to be called 
silver rather than lead mines. 

Nagpur District: Nimbha, Lat. 2F 24'; Long. 79° 9' 30''.— At 
Nima or Nimbha of modern maps, about 17 miles north of the town 
of Nagpur, Captain Jenkins describes^ the occurrence of loose boulders 
of galena orL some small hills in the iieigbbourliood. The source from 
whence these were derived does not appear to have been yet ascertained. 

Rcwah and Bundelkhand. — The only localities in Rewah and 
Bundelkhand, where lead ores have been met with, are at Burgowa in the 
former and near Seonhra and Jhansi in the latter. 

Buugowa, Lat. 24° 22'; Long. 82° 31'. — In the year 1870 some 
samples of galena, stated to he from near the village of Burgowa, 10 
miles south of Burdi pargana, were forwarded to the Superintendent of 
the Geological Survey for examination. 

Two samples yielded respectively 8 oz. 6 dwts. grs. and 5 oz. 
4 dwts. 12 grs. of silver to the ton of lead. Burgowa is on crystalline or 
metamorphlc rocks, not impossibly of the Bhelounda and Chiraikund 
horizon, which has been alluded to above, though nearly half a degree 
north of the east and west line connecting them. 

At the same time specimens were also forwarded from a locality said to 
be close to the Mirzapur frontier ; this may have been Chiraikund. These 
contained silver in the proportion of 7 oz. 7 dwts. to the ton of lead. 

Captain Pearson^ refers to the discovery of a Silver mine somewhere 
east of Sohagpur, and which was being worked by the Raja of Rewah in 
1860. Possibly the story referred to one of these galena localities. 

» Records, G. S. I., Vol. XIl, p. 174. 

* As. Res., Vol. XVIIl, p. 198. 

® Report on Mundla, 1860, p. 22. 
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Sbonhua, Lat. 26° 12'; Lotig*. 78'’ BT miles north- 

liorth-east bf Seoiilira, in the Dattiah territory, the existebcb bf lead oi^b 
Was brought to notice by Captain J. Bailie. It has sinbe beeii i^isited by 
other local officials, abd by the late Mr. W. L. Willsbb, who consideted 
that the ore is abundant ; it occurs in a vein associated With quartz 
in the Par sandstones. Specimens now in the Museum contain both 
galena and cerussite. 

Jhansi Cantonments, Lat. 25** 26'; Long. 78 ° 39' 30". — Specimens 
of galena, forwarded by Mr. B. W. Colvin, Commissioner of Jhansi, and 
which were found on the banks of a small stream iti cantonments, yielded 
on assay 19 oz. 12 dwts. of silver to the ton of lead. The extent and 
nature of this deposit is not known. 

Rajputana. — In Ajmir, Alwar, and Udepur galena occurs and has 
been mined for. As will be seen the mine at the Taragarh hill in Ajmir 
was of considerable extent;. the others were of less importance. 

Ajmir: Tahagakh HiT.L,Lat. 26^28' ; Long. 74H1'30" (A. S. 34). 
— The most important deposit of lead ores in Ajmir territory is situated 
close to the city of Ajmir, at the foot of the Taragarh hill. The mines, of 
which there are considerable traces still existing, were farmed by thb 
Mahrattasfor Rs. 5,000 yearly, the miners receiving three-fourths of the 
value of the outturn to cover all their expenses.^ In the year 1830 the 
mines were visited and described by Captain Dixon, ^ who states that they 
had the appearance of having been in operation for many centuries. From 
Captain Dixon^s account it would appear that the ores were of threb 
classes, namely oxides, carbonates, and sulphides. The last mentioned, 
when in the form of galena crystals, was sold for mrma for anointing 
the eyes. True surma or antimony is also mentioned as occurring. 

It is stated that the final closing of the Ajmir mines was due to the 
mutiny, and an anxiety on the part of the authorities to make lead for 
bullets scarce. 

According to Mr. Hacket,'^ the ore occurs in a number of small 
roughly parallel veins running through a quartzite of sub-iUetamorphic 
or upper transition age in nearly the same direction as the strike of thb 
rocks. Captain Dixon gives a very interesting account of the method 
of mining, which is too long for reproduction here. He mention^ 
the occurrence of leaders from the different veins as Interlacing and 
crossing one another so that the deposit seems to be a congeries of true 


• Ajmir-Merwara Gazetteer, p. 7. 

2 Gleanings in Science, Vol. Ill, p. 111. 
» Kecords, G. S. I., Vol. XIII, p. 247. 
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lodes. The passages followed the courses of these lodes, and were only 
large enough to permit of the miners crawling through them. The ore 
and rubbish was brought to the surface by a most tedious process, baskets 
containing them being passed from hand to hand by a number of coolies 
seated within reaching distance of one another. 

The preparation for smelting consisted in crushing the ore from its 
matrix by beating it with wooden clubs, after which it was thrown down 
the slope of the hill to free it from extraneous matter. It was then collected 
and washed by hand in conical wooden tubs, and was then kneaded up 
with equal weights of cowdung into lumps of the size of a pigeon^s 
egg. When dried it was ready for the furnace, a simple structure of 
clay, 3 feet high, with an upper internal diameter of 11 inches and a 
lower one of 10 inches ; three clay twyeres were luted into the base and 
served to communicate the blast from three pairs of bellows. Owing to 
the presence of the cowdung the quantity of charcoal fuel required to smelt 
the ore was comparatively small, the proportion being from 50 to 75 per 
cent, to the weight of fused metal. Each furnace turned out from 2 to 
3 cwts. of metal dally. The worst ores yielded SI per cent., the best 50 
to 58 per cent., and the average 40 per cent. 

Mr. Racket has pointed out that a considerable discrepancy exist! in 
the accounts as to the amount of the outturn of metallic lead. Captain 
Dixon placed it at about 850 cwt. per annum in 1830, but though at- 
tempts were made to improve the mining by more systematic draining no 
permanent improvement appears to have been produced. On the other 
hand, it is stated in the local gazetteer and the settlement report that in 
the year 1818, the first Superintendent of Ajrair, Mr. Wilder, took the 
mines under his own direct management, and that they then produced from 
10,000 to 12,000 maunds of lead, i. e, 6,800 to 8,100 cwts., which was sold 
at Es. 11 per maund. It may be, however, that these two estimates refer 
to different periods, though Captain Dixon does not imply that there 
had been any falling off. 

In 1846, owing to the Ajmir magazine ceasing to take the metal, the 
mines were closed. Though considered to be purer than English com- 
mercial lead, it could not compete with it even at Agra, owing to its cost 
being Rs. 16 a maund or one-eighth dearer than English lead. 

Descendents of the miners still live in Ajmir, but the consumption 
of lead, which was great in troublous times, has now so fallen that, except 
the opening of the railway should enable it to be exported to other marts, 
there is no prospect of its being opened. 

None of the accounts mention silver as occurring in this ore. The 
process ol extraction was possibly not known to the miners. 
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Ganeshpura, Lat. 26° 1'; Long. 74° 42' SO" (A. S., 84). — ^Near a 
village of the above name, which is situated about 80 miles south of 
Ajmir, a small quantity of lead ore has been extracted according to 
Mr. Hacket.' 

Alwar : Jodawas, Lat. 27° 21' 80" ; Long. 76° 28' 80" (A. S., 50).— 
At Jodawas, in Thanna Ghazi, in Alwar territory, there are acording to 
Mr. Ilacket (1. e.) long open cuttings, 20 to 80 feet deep, from whence 
it is believed that considerable quantities of lead ores were extracted. 
According to the Alwar Gazetteer ^ these mines have recently been re- 
opened, and the ore, which is galena, was found by Colonel Dickens to 
contain 1 per cent, of silver and 80 per cent, of lead. The name of 
this locality is misprinted Indawas in Mr. Hacket^s account. 

Gudha, Lat. 27° 21' 80"; Long. 76° 40' 80" (A. S., 50).— At Gudha, 
also in thanna Ghazi, Mr. Hacket says (I, c.) that a small pocket of 
lead ore was discovered, which, on being worked, was found to die out 
in every direction. 

Udepur State: Jawur, Lat. 24° 21'; Long. 73° 45'.— In the 
mines at Jawur or Zawar, south of Udepur, which are principally famous 
for their zinc, galena has also been found. A sample assayed by Mr. 
Tween yielded silver in the proportion of 10 oz. 12 dwts. 8 grs. to 
the ton of lead. These mines were closed in the time of the great 
famine of 1812-18. 

Bombay : Panch Mahals District in Gujarat : Jubhan, and 
Khandelav lake. — These two localities are given under the heading of 
ranch Mahals as having produced galena ; that from the former contained 
silver in the proportion of 5 oz. to the ton of lead. Specimens of the 
ore, as it occurred, yielded 58*91 per cent, of metallic lead. No attempt 
to work the mines has been made since 1874 ; and, apparently, no 
authentic information as to the nature or extent of the deposit is avail- 
able.^ The Khandelav lake is situated in the Jambughora State, in 
Narukot. 

Balochistan and Afghanistan. — In the former country there are 
nneient lead mines at Sekran, which are of considerable extent, but are 
now deserted, it is believed. In Afghanistan at Feringal, and in Chardeh, 
there are mines evidencing a remarkable degree of mining skill. It is not 
at all probable that the list which follows includes all the localities whein 
lead ore occurs in these countries, but this is a necessary consequence of 
our limited knowledge of the geology of Afghanistan. 

‘ Records, G. S. I., Vol. Xlll, p. 248. 

* PnfTQ m. 

^ Bombay Gazetteer, Vol. Ill, p. 197. 
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Balochistan: Bbyla, Lat. 26° 14',* Long, 66° 20'.r^Speoimens of 
lo^id and antimony ores were forwarded to the Bombay Geographical 
Society by Captain Boyd,^ who stated that they were found in greatest 
quantity from Kote Jam-ke-Kot, 40 miles west of Beyla. Ores are said 
to be washed down in considerable quantities from the Mhor and Pubb 
mountains, 

Sekran, Lat. 27° 48'; Long. 66° 24'.-r-rIn Mr. A. W. Hughes^ work 
on Balochistan^ an account by Pr. Cook of the lead miftcs at Sekran will 
be found. 2 

Sekran is situated about 12 miles west of Kozdar, in the province of 
Jhalawan. The mines are described as being very extensive, but are 
now deserted, and Dr. Cooke experienced much difficulty in crawling 
through the tortuous passages where bones of various animals, which 
had been brought in by hyaenas, were strewn about. The mine is re- 
garded with superstitious dread by the Brahuis of the neighbourhood, 
.who merely break off portions of the rock from other hill sides and manu- 
facture the lead and antimony as required. Mr. Mason, who refers to 
these mines, says that 200 men were constantly employed in extract- 
ing the ore ; vast quantities of slag lying about on the surface testify to 
the former extent of the industry. Some ore was smelted in simple ojxjn 
furnaces by the Mardui tribe of the Brahuis for Dr. Cooke. The rocks, 
including the ore, evidently from his description are cretaceous limestone, 
and from his mention of fragments of granite being seen at one of the 
entrances of the shafts, it is most probable that here, as in parts of 
Afghanistan, the occurrence of the metalliferous deposit is directly con- 
nected with the intrusion of igneous rocks into the beds of cretaceous 
age. Dr. Cooke says that in one place the rocks resembled aii altered 
claystone, variously mottled and containing small cavities filled with 
bright red and yellow ochres, and the fracture of some specimens showed 
a metallic steel-grey appearance (galena?). The statement that the 
antimony ores are smelted perhaps requires further confirmation. 

Major George Le Messurier, who surveyed the route from Kelat to 
Sunmiani, speaks'^ of the antimony at the Sekran mines occurring in 
crystals of an inch square imbedded in black vitrified rock. It is added 
that the lead ore found was of inferior quality and small in quantity. 
The so-called antimony must have been galena if it occurred in cubes. 

Afghanistan : Feringal, or Fringal, in Chardeh, Lat. 64° 4h' ; 
Long. 68° 30'. — Under the above name an extensive but deserted lead 

‘ TraiiH., Bomb. Geo. Soc., Vol. II (1839), p. 204. 

* “The Country of Balochistan:’* London, G. Bell and Sons, 1877> p. 81. 

Jour., Bomb, Branch, Roy. As. Soc., Vol. II, p. 109. 
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mine is described by Dr. Lord/ who was ip the year 1837 in medical 
charge of the Kabul Mission, It is situated in the upper part of the 
district of Chardeh, about 30 miles from the entrance of the valley of 
Ghorband, on the side of hill facing the east, at an elevation of about 260 
feet above its base. The hill is composed of conglomerates and quartz 
rock with a schistose layer interposed. 

The mine, which was worked in the time of the Chagatais, is said to be 
wholly in the conglomerates ; this, however, is probably a mistake ; its ex- 
tensive nature may be gathered from the fact that the ore is not reached 
till after a perpendicular descent of 100 feet, and a total length of 
galleries of half an English mile have been traversed. 

Dr. Lord states that the shafts and galleries show a most surprising 
degree of mining knowledge, as there is no sign of the ore at the surface 
on the side of the hill, where the entrance to the mine is situated. Nearly 
three hours were spent in the exploration of a portion of this wonderful 
mine, and it is to be regretted that the plan of the works, and a view of 
one of the chambers by Lieutenant Leech, which Dr. Lord alludes 
to as affording further details, were not published with the paper. The 
ore is said to be an extremely rich galena. Other localities where ores of 
lead occur, mentioned by Dr. Lord, are situated in the valley of Kinchak, 
and on the road to tha Hindukusb, under the village of Kashim. 

Lead ores are known to occur in the Hazara districts, in "Wardak, 
and in Shah Muksood and Tirin. 

According to Captain Hutton,^ an impure kind of galena, obtained in 
the last-mentioned place, is sold at Kandahar to painters and potters at 
tlio rate of 3 annas a seer. Pure galena sells at 12 annas a seer, and 
when purchased and cleaned it was sold as surma, so called, at the rate 
of Rs. 5 to 6 per seer. Manufactured lead from the above mines was 
sold retail at 11 to 12 annas a seer. A semi- vitrified oxide of lead was 
employed as a paint in the Afghan Materia Medica, and as a hair dye. 

Argentiferous galena from Hazara is exported to the Punjab, and it 
is also apparently manipulated locally by some process which enables the 
silver to be extracted. 

Punjab. — In the Punjab Himalayas there are a number of localities, 
especially in the Kulu and Simla districts and the Sirmur State, where 
lead ores occur, and which have in some cases been worked. The argen- 
tiferous galena of Kulu, or the Vazir’i-rupi, has recently attracted some 
notice, as has been alluded to in Chapter IV. 

^ .Tour,, As. Soc., Bengal, Vol. VII, p. 533. 

• - Cal. Jour., Nat. Hist., Vol. VI, p. 599. 
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L. — At Kliagul, in the Ghari Habibulla jagir, talisil Man- 
sera, district of Hazara, a small deposit of galena was laid bare by a 
flood in the year 1877. The locality was subsequently visited by Mr* 
A. B, Wynne, who reported that the ore occurred in two nests rather 
than in regular veins, in some grey shining metamoi’phic slates. The 
gangue was of quartz and gossan. Mr. Wynne^s opinion was that the 
appearances did not justify any belief in the existence of a valuable 
deposit. The ore on analysis of the first samples yielded 76 per cent, of 
lead and a trace of silver. Further samples received afterwards yielded 65 
per cent, of lead and 7 oz. 18 dwts. 11 grains of silver to the ton of lead. 

Samples of galena from Ugri (Agrar) in Hazara, obtained by Mr. 
Wynne, are now in the Museum. They occur in a decomposed schist or 
trap, very sparsely disseminated. 

Mari or Murree District : Bandi Munim. — Some galena was found 
in the year 1878 at Bandi Munim, near Gorini, not far from Mari. 
There is no information available as to its abundance. 

Karangli, Lat. 32"^ 46' ; Long. 73° 5'. — Both Dr. Fleming^ and Mr. 
Wynne,^ in their reports on the Salt-range, mention the occurrence of 
galena in small nests and detached crystals in a dolomitic sandy rock of 
carboniferous age(?). A small mine, to which entrance is obtained by the 
branches of a tree, which overhangs the escarpment, is worked by the 
natives, who dispose of it at the rate of Rs. 4 or 5 per tola (this must 
be a misprint for seer or 2 Ibs,^) to be employed as surma for anointing 
the eyes. In * Punjab Products^ the value of this ore is said to be from 
7 tolas and 10 mashas to 10 tolas for a rupee. 

The collection of galena on this precipice seems to be like the sam- 
phire gatherers, a ^Mangerous trade, ibr Mr. S. Bowring^ says that the 
zemindars who search for it let themselves down by a rope over the 
face of a precipice and pick the mineral out of a hole beneath in the side 
of the rock, in which perilous adventure some unfortunately have lost 
their lives by falling down the cliff, a height of 500 or 600 feet. 

Kubwrah Gorge, Lat. 32° 42' ; Long. 73° 4' 30". — A deposit in every 
way similar to the above occurs near the temple on the right side of the 
Keurah gorge, above Pin Dadun Khan, according to Dr. Fleming. 

Simla District: Subathu, Lat. 30° 58' 30"; Long. 77° 3' — There are 
three localities in the neighbourhood of Subathu, where ores of lead 


' Jour., As. Soc., Bcu^al, Vol. XVII, p. 517; and Vol. XXII, p. 256. 

- Mom., G. S. I., Vol. XIV, p. 301. 

^ Which iw still a lii}j;h price, sis Ksuulsihsir gsilcna sells sit Lsiliorc lor Ks. 1>8 a seer 


(' Punjab Products'). 

* Jour. As. Soc. B(?n} 4 -al, Vol, XIX, p. 50. 
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occur ; the first is on the east bank of the stream, near the village of 
Chapla, or from 2^ to 8 miles south-east of Huriapiir; the second is 
situated between 2 and 2^ miles, on the Solan road, south-east of Subathu, 
just above the Dbobia Gh&t; the third is situated mid- way between 
these localities. 

At the first locality the lode runs parallel to the lamination of the 
bedding of the rocks in a north-west to south-east direction. These rocks 
are slates belonging to the Blini series ; intercalated with them is a thin 
band of limestone, which is commonly said to occur near the limit of the 
metalliferous rocks, hut in this case it is 300 yards distant from the lode. 
The lode itself is stated to be 2 feet thick, but Mr. Willson, from 
whose notes this account is drawn up, states that though, the lode 
was concealed at the time of his visit, he was inclined to believe, from the 
character of the samples, that the deposit was a bunchy ” irregular one. 

Traces of lead ores with barytes are said to occur to the east of the 
suspension bridge, as far as the Sairan dslk bungalow, on the Simla road, 
but that they do not occur to the west. 

Under European management mining and smelting was carried on 
here, but as they have ceased, it is to be concluded that the undertaking 
was not a profitable one. 

At the second locality the lode consists of 2 to 3 feet of nearly 
pure ore, in a grey siliceous rock, with a more compact grey slaty rock on 
either side, which contains barytes and zinc blende with traces of copper 
ores. 

To the east of this main lode, at a distance of 80 feet, there is a second 
lode, 1 foot 6 inches to 2 feet thick, but rather bunchy in character. 
Mr. Henwood, who was in charge of the works, considered that this 
lode was identical with the first one near Chapla, where, however, the 
larger one had not been proved, though it was thought that there were 
traces of its presence. 

The mine is situated on the top of a small hill, and the workings in- 
clude a shaft, 60 feet deep, and a gallery through the 80 feet of rock, 
which separates the two lodes. Crushing mills, two smelting furnaces, 
and cradles for washing the ore, were all put up by the Company on this 
hill. 

It would seem that these lodes are situated in fissures caused by the 
crushing up of the slates. In some parts the siliceous poilions of the 
lodes form distinct ribs marking the position for long distances. 

The result of assays of galena from this region for silver will be 
found in the Chapter on Silver, but the exact mines from which the 
samples come is not known. 
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Solan, Lat. 80° 54' 30"; Long. IT 16'. — The above name is used 
for this mine in consequence of its being a well-known locality, but it is 
actually situated about 6 miles east of it, close to the village of Sar, near 
the junction of the Ussan and Giri rivers. The latitude and longitude 
given above is that of the mine. 

This mine consists of an adit driven east and west with the lode ; 
when visited by the late Mr. W. L. Willson in 1871 the roof had fallen 
in, and the mine was full of water, so that no observations could be made as 
to the extent and character of the deposit. Both lead and copper ores 
seem to occur, but the references are so vague that this cannot be stated 
with certainty. 

Sirmur State and Jaunsar District : Swinj, Lat 30° 43' ,- Long* 
77° 47'.— On the banks of the Tons river, about 25 miles above Kalsi, 
there is a tract of country surrounding Swinj, partly included in Sirmur 
and partly Jaunsar, where mining for lead has been carried on to a con- 
siderable in extent. 

According to Captain Herbert,^ the principal workings in Sirmur 
were at Aiyur, near Bhatnor or Barthanole, where, owing to the softness 
of the rocks, the galleries admitted of an erect position, while in the 
mines called Maiyar and Borela, in Jaunsar, the passages were narrow 
and tortuous. 

The Borela mine, before Captain Herbert's visit, used to pay Ek. 2,000 
and the Maiyar one Rs. 4,000 ; but in his time the rents were Rs. 650 
and Rs. 1,000 respectively. The mines were always included in the assess- 
ment for revenue. Captain Herbert found great difficulty in ascertain- 
ing particulars as to productiveness from the native miners. The ore 
in aU was of the same quality, a stetl-grey finely granular galena. The 
quantity of ore which had been removed must have been enormous, since 
at Borela alone there were upwards of 80 galleries. 

Mr. H. B. Medlicottj® who visited this locality in 1862, says that 
only one mine was then open. The lode, which was about 2 feet wide, 
was well defined and underlay at an angle of 7 0° to east-north-east. The 
galena occurred in a thick steady string, principally next the under wall. 
Another distinct string was of mixed ore containing zinc blende, with 
some galena, iron pyrites, and quartz. The rocks in which this lode or 
series of lodes occur are much disturbed limestones and slates of the Krol 
and Infra Krol groups. 

To the west of this locality, at the gap between Gernani and Gurna, 
there are also old mines which are said to have been searched for lead. 

I As. Res., Vol XVIII, p. 256; and Indian Review, Vol. II, 1826, p. 349. 

» Mem., G. 8. 1., Vol. Ill, p. 179. 
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The assay of some samples of galena forwarded from this region by Mr. 
Henfrey yielded an average of upwards of iiO ounces of silver to the ton 
of lead. 

The following is the most recent information on the subject of these 
abandoned mines. It is from a MS. report by Mr. R. D. Oldham in 
Sirmur. 

Barthenole, Lat. SO"* 44'; Long. 77® 46' 30". — Numerous old 
workings in limestone. 

Kunna in Jaunsar, Lat. 80^ 41' 30"; Long. 78° 4^ — Quartz vein 
in slates, of which 2 or 3 inches at the base are impregnated with galena 
and copper pyrites. 

Kharsi in Jaunsar, Lat. 30® 46'; Long. 78® 2' — Galena in 

nodules between beds of limestone ; very local in its distribution. 

Konain in Jatjnsar, Lat. 30° 47' 10"; Long. 77° 56' 80".— -Galena 
occurs as at Kharsi. 

Mudhaul in Jaunsar, Lat. 80° 56' 10*'; Long. 77° 51' 30'^ — Galena 
said to have been mined for here. 

Kulu District* Manikabn, Lat. 30° N. ; Long. 77"" SO' E. — Two 
to three miles east of Manikarn, in the valley of the Parbutti and close 
to the village of Uchieh, there is a mine known throughout the country 
as a silver mine. Mr. Mallet found, when he visited the locality in 1863, ‘ 
that the mine was situated in a vertical fissure accessible only by two 
small entrances on the face of the vertical cliff. Galena was obtained, but 
it appeared to be sparsely distributed in a quartz, gangue being asso- 
ciated with iron and arsenical pyrites. This galena was not argenti- 
ferous, but Mr. Calvert^s subsequent explorations seem to show that there 
are two separate mines, one of galena and the other of arsenical pyrites.® 
It is stated by Mr. Calvert (Ms.) that a sample of ore, apparently a 
mixture of galena and iron pyrites, on assay by Mr. Johnson, Assayer 
to the Mint, yielded 22 oz. 2 dwts. 12 grs. of silver and 2 dwts. and 12 
grains to the ton of ore. 

Mr. Calvert states that he discovered lodes of galena also near Karii, 
Chong, Khanor Khud, Kornan, Kot Kundi, Malanna, Shigri in Lalioul, 
and other localities. Samples of galena, forwarded from time to time 
by Mr. Calvert, have been assayed, and the results will be found in Chap, 
ter IV. 

A sample of galena from Ballarag opposite Uchich, forwarded by Mr. 
A. G. Young, yielded 65 oz. 6 dwts. 16 grs. to the ton of lead according 
to Mr. Tween. Mr. Calvert^s enthusiasm regarding the Vazir-i-rupi, 

* Mem., G. S. 1., Vol. V, p. 166. 

* Kulu, &c.,” by J. Calvert : London, Spon., p. 77. 
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or silver country of the Vazeers, finds general expression in his published 
work on Kulu, but further information regarding the actual condition 
and appearance of the mines, and the unopened deposits, is not available 
at present. 

North-West Provinces, — The lead mines of the portion of the 
Himalayas situated in the North-West Provinces appear to be mostly 
situated in localities difficult of access. Several of them are worked to a 
small extent by the inhabitants for local purposes. 

Garhwal District. — Lead ores have been found at many localities 
in these districts, and in some cases there have been mining operations, 
which have resulted in the removal of every particle of ore. According 
to Captain Herbert, ^ there is a lead mine in the Nagpur pargana, which 
would be valuable if situated nearer the plains. Mr. Lawder ^ enumerates 
the following as being worked, but not extensively : Dhanpur and Tachir- 
da and four deserted mines, namely Ghcrti, in the snowy range between 
Milam and Niti, and Eallum Bainskum, on the banks of the Gori river, 
and Baidli-Baghir. The Dhanpur mine was described by Mr. Barratt,^ 
who stated that ore was still abundant, and that the mine was favourably 
situated for working. He also commended the Jak mine in paiti Kurra 
Koto, in pargana Budhun, but thought that mines at llai Chendak, 
‘2 miles east of Chund village in Goroii and Patal in Dcwalgurh, were 
not of much importance. 

Kumaiin District. — Deposits of lead exist at Gaul m pail i Karahi, 
and close to the Shor Guraiig copper inincs, the former being galena in 
limestone. Mr. Barratt also describes a mini^ in this region, and says that 
there was no truelodp, the ore being disseminated. In Captain Herbert's 
time the mines were not regularly woi Led and paid no revenue; when 
the villagers required lead they simply lit a fire against the rook, and 
the metal, more or less sulphuretted, trickled from the crevices.^ 

Nepal. — Specimens of argentiferous galena have been received from 
Nepal, but nothing is known as to the mode of occurrence of lead ores 
in that country. 

Darjiling District: Sakkan River. — Mr. Mallet^ found galena in 
a boulder composed of garnet and hornblende with disseminated pyrites 
and mauganite, but the source of this boulder, which was picked up in 
the Sakkan river, could not be discovered. There is no record of lead 

^ Indian TU view, Vol. 11, 1838, p. 31-9. 

" Rc.oords, G. S. I., Vol. 11, p. 88. 

St'lcctioiiH t'rom IR'cords, Governnicinl of India, Vol. XVll, p. 74. 

“ Economic Geology of Hill Districts by E. T. Atkinson : Allahabad, 1877. 

* Mem., G. 8. I., Vol. XI, p, S3. 
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having ever been worked in the region including Darjiling and the West- 
ern Duars. 

Assam* — Within the limits of Assam there appears to be no recorded 
case of the discovery of any ore of lead. But beyond its frontiers 
there is undoubtedly ground for believing that a rich deposit must exist. 

Bor Kampti. — A specimen of galena received from Mr. Bruce of 
Sadiya yielded to Mr. Prinsep ^ on analysis one-fourth per cent, of silver 
to the ton of lead = 89*6 oz. Of metallic lead, the sj)eeimen, which was 
a small one, contained from 60 to 70 per cent. 

Another specimen from the same locality, forwarded by Major Jen', 
kins, was reported on by Mr. Piddington,**^ who said it was a rolled frag- 
ment not taken from a wrought vein or lode. It did not contain an 
appreciable percentage of silver, but antimony was present in the pro- 
portion of from 3 to 4 per cent. Mr. Robinson*^ speaks of a silver mine 
in this rcirion, probably meaning Bor Kampti, which is said to yield 
Rs. 80,000 a year. 

Burma. — The occurrence of lead ores at numerous localities in British 
Burma has been amply proved, but very little is known as to the nature 
and extent of the deposits. 

In Native Burma and the surrounding States there are localities 
which apparently produce large quantities of lead. 

Tenasserim, — Nine localities, to which separate names are not given, 
are stated by Mr. Theobald^ to be indicated on Mr. O^Rilcy^s map as 
sites where galena occurs in Martaban ; they have a general arrangement 
along a north-north-west line of bearing for a distance of 90 miles. The 
rocks are limestones of the carboniferous period. The exact characters of 
the deposits at these localities have not been ascertained, or at least placed 
on record. Mr. Theobald considers that there may be a double mode 
of occurrence. 

There have been some crude attempts at working, but nothing done 
yet has been of a sufficiently exhaustive character to prove the value of 
any of them. 

Galena has been found in the hills, about 60 miles from Maulmain 
in the Salween valley, and 30 miles to the north-east of Tounghu. The 
Tounghu ore yielded on assay an average of 20 oz. 8 dwts. 7 grains of 
silver to the ton of lead. The Barmans informed the Deputy Commis- 
sioner that it contained 15 oz. It was stated that this ore occurred in 

' Jour. As, Soc. Bengal, Vol. II, p. 438. 

2 Op. r/7., Vol. XX, p. 366. 

^ Dosoriptive Account of Asiam, p. 35, 

^ Kecords, G. S. 1., Vol. VI, p. 93. 
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considerable abundance. The lead ore found to the north of Maulmaiii 
has been visited by Mr. M. Fryar/ who has reported its occurrence at 
three localities on the western bank of the Salween ; these are the village 
of Meezine and the Teetalay and Teetameelay hills. At the first the ore 
is stated to be in a silicious gangue, very difficult to work^ and the spot 
is 18 to 20 miles from the Salwin by a circuitous path. The lead from 
this galena contained 14 oz. 14 dwts. of silver. At Teetalay the natives 
smelt the ore which occurs in limestone, but at the time of Mr. Fryar^s 
visit they had not begun mining, contenting themselves with such loose 
fragments as they could pick up, but there were some old mines at the spot. 
Mr. Fiyar could not ascertain the dimensions of the lode, but he con- 
sidered the appearances promising. In the Teetameelay hill the matrix 
is quartz, and would be difficult to work; the lead contained 8 oz. 3 dwts. 
and 8 grains of silver. Some Shans had prospected the vein but had 
abandoned it. 

Small deposits of phosphates and arsenates of lead have been met 
with ill different parts of the Tenasserim division. 

Maingay's Island (Deo Tuan) . — Maingay^s Island, which lies to the 
west of King^s Island, in the Mergui archipelago, has an area of 15 
square miles. On the west coast, close to the sea, the late Mr. M. Fryar^ 
was shown a lode of galena in a coarse argillaceous schistose rock. The 
galena is associated with quartz and barytes. 

Samples of this galena, assayed by Mr. Tween, yielded the following 
results 

No. 1 — Coarse-Grained Lead, 78*15 ; Antimony, 8*6C ; Sulphur, 13*19 
„ 2 — Fine G^'^hied „ 81*'15 ; „ 5*3 „ 13*25 

Oz. dwts. gre. 

Lead from No. 1 gave. . .13 1 8 of silver to the ton. 

No. 2 „ . . 11 8 16 

A third sample „ . . 11 0 0 » « j> 

Tavoy District. — A deposit of galena is said to have been dis- 
covered in 1855 on a small stream running into the Tenasserim river.^ 
The spot is difficult of access and particulars regarding it are wanting. 

A sample of galena from Tavoy, which was assayed by Mr. Tween, 
contained silver in the proportion of 16 oz. 7 dwts. 19 grains to the ton 
of le‘ad. 

Upper Burma: Shan States. — According to Major Strover galena* 
abounds in the Shan States and could be obtained in greater abundance 

* Report on the Minerals of the Ajnherst Diatrict, dated 9th June 1873. 

^ Indian Economist, Vol. V, p, 44. 

® Administration Rcpoi*t, British Burma, 1861-62, p. 39. 

•* Indian Economist, Vol, V, p, 14. 
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than it is at present. Lead is also imported from Yunan into Upper 
Burma. Samples of galena from Bhamo have yielded a far higher 
average percentage of silver than that obtained from Malabar and Tenas- 
serim; vide table in Chapter on Silver. 

A decrease in the exports of lead from Burma is said to have taken 
place to the extent of 75 per cent.'^ This lead was chiefly obtained be- 
yond the frontier^ where formerly, if not still, a leaden currency existed. 

The following statement of exports of lead from llangoon was sup- 
plied to the Geological Survey Ofiice in 1856 by the Collector of Cus- 
toms'^ : — 

Vfior. Quantity. Value. 

Visa. 

1854-65 . . 668, 886-25 Ra. 166,382 15 11=£16,638 6 lOJ 

1866-56 . . 428,668-80 Rs. 115,130 13 6 =£11,613 1 llj 

The return of exports in the Administration Reports of British Burma 
for the past few years do not specify lead as an export. The other 
metals exported appear to go merely to the Straits Settlements, but the 
trade is evidently inconsiderable. 

1 A contribution to Burman Mineralogy by P. Doyle, M. E, C. E, : Calcutta, Stanhope 
Press, 1879. 

* Vide Col. Yule’s Mission to Court of Ava,” p. 346. 
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CHAPTER VII. 

ZINC-TIN--TITANIUM-COBALT~NICKEL-MANGANESE--CHEOMIUM. 

Zinc.— General Kemarks. — Rajputana—Afghanistan— Punjab— British Burma. Tin.— 
General Remarks. — Bengal — Central Provinces — Bombay — British Burma. Tita- 
nium. General Remarks. — Bengal — Rajputana. Cobalt. — General Remarks. — Raj- 
putana — Nepal— British Burma. Nickel.— General Remarks. Manganese. — Gene- 
ral Remarks. — Madras— Hyderabad — Bengal — Central Provinces — Berar — Rewah — 
Rajputana — Bombay — British Bunna — ^Tipper Burma. CheomiuM. — General Re- 
marks. — Madras — Punjab. 

Zinc: General Remarks. — Zinc occurs in combination with sul- 
phur forming the sulphide or blende^ with oxygen-forming zincite, and 
it also is found as a silicate, carbonaio, sulphate and arsenate. 

So far as is at present known, all these minerals are of considerable 
rarity in peninsular India, hut stray crystals of blende do occur in 
association with the ores of other metals in several localities. It will 
be sufficient to mention these cases en passant, as they are not known to 
be of any real economic importance; and till more has been ascertained 
as to quantity, there is nothing further to he stated than the fact that 
the minerals do exist. 

In Southern India blende is stated to have been found in Madura. 
Mr. Mallet^ has recently described some specimens containing Smith- 
sonite or carbonate associated with bicude, which were found in Karnul, 
but regarding the mode of occurrence notliing is certainly known, but 
they have a promising appearance. Possibly they came from the Gazal- 
pully mine. In Bengal, in the Ilazaribagli district, blende has been 
found associated with lead and copper ores in the mines at Mahahank 
and at Baragunda. The only considerable deposit of zinc ores, which 
has been extensively mined and worked in the peninsula, is the following. 

Rajputana : Jawak, Lat. 24° 21' ; Long. 73° 45'.— At Jawar or 
Zawar, in the Udepur State, there are mines in which zinc ores occur, 
and which were worked formerly, hut the facts available are not very 
distinct. Thus in Colonel Tod^s ‘ Rajasthan^^ the mines are alluded to 
incidentally as having yielded an annual revenue of Rs. 2,22,000, but 
the metal is said to have been tin. This, according to the Rajputana 

^ Rocords, G. S. 1., Vol. XIV, p. 196. 

’ Vol. 1, p. 504, nok. 
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Gazetteer,^ was probably a mistake, as there is no local tradition of tin 
ever having been found there. The ore appears to be chiefly the carbon- 
ate (smithsonite). The rocks in which it is found are probably quartz, 
ites of the ArvaK series, but no geological examination of the locality 
has yet been made. 

The only published account of these ancient mines is by Captain 
J. C. Brooke, He says that the ore occurs in veins, S or 4 inches 
thick, and sometimes in bunches, in quartz rock. The pure ore being 
very friable was pounded, freed from quartz and placed in crucibles, 
some 8 or 9 inches high and 8 inches in diameter, with necks 6 inches 
long and half an inch in diameter. Into these necks the metal sub- 
limed on the application of heat in the following manner. The mouths 
being fastened up the crucibles were inverted and placed in rows on a 
charcoal furnace. It took three or four hours to complete the fusion of 
the ore. It is stated that the crucibles used to crack if any fragments of 
quartz were allowed to remain with the ore. The mines were closed in 
the famine of 1812-13, and have not since been re-opened. 

Afghanistan : Ghouband, &c. — According to Dr. Ix)rd, ^ in certain 
volcanic regions near the Ghorband valley, and elsewhere in Northern 
Afghanistan, an efflorescence of zinc sulphate, locally called za^, was 
common ; whether it was employed for any purpose, medicinal or other- 
wise, is not stated. 

Punjab : Shigri. — At Shigri in Lahul zinc blende was found by 
Mr. Mallet ^ in no great abundance, disseminated through the gangue 
of the antimony ore which occurs there, as has been described on a previ- 
ous page. 

Sirmur State. — At the Sirmur-Jaunsar mines there occurs, asso- 
ciated with the galena, a distinct string of ore which Mr. Medlicott has 
described ; it consists of zinc blende with some galena, iron pyrites, and 
quartz, 

British Burma. — Dr. Mason^ states that ho saw a sample of zinc 
blende from Tavoy, and he records that Dr. Heifer had obtained an ore 
of zinc in one of the Mergui islands. 

Tin : General Remarks. — Tin is stated to have been found native iu 
rare instances; as the sulphide or stanniteit is not of very common occur- 
rence. The only ore which is known to occur in abundance is the 
^ Vol. I, p. 16. 

- Jour. As. Soc. Bengal, Vol. XIX, p, 212. 

^ clf.f Vol. Vll, p. 536. 

^ Mem., G. S. L, Vol. V, p. 166. 

Op. rif., Vol. Ill, p. 179. 

* Natural Productious of Burma, p. 48. 
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di-oxide or cassiieriie which is more frequently spoken of simply as tin- 
stone, and which, if pure, contains 78’67 per cent, of metallic tin. 

Within the limits of peninsular India tinstone has been rarely found, 
and the only localities in extra-peninsular India, where, so far as is known, 
this ore occurs in sufficient quantities to be of commercial value, are 
situated in the Tenasserim division of Eritisli Burma. 

Bengal. — In Bengal tinstone has only been met with in two locali- 
ties, both of which are situated in the district of Hazaribagh. The prin- 
cipal of these is at 

Nurgo oil Nurunga, Lat. 24° 10'^ Long. 86° 7' 30". — Under the 
name Lorunga this locality was referred to by Dr. McClelland in the 
year 1849 as being one where tinstone was found. The village is south 
of the Barakar rivei', and about 3 miles south-west of Leda, which is 8 
miles to the west of Karharbari. Dr. McClelland^ described the ore as 
occurring disseminated in gneiss, and stated that the weathered-out tin- 
stone gravel was found on the surface, 500 yards distant from the village, 
through a zone 100 yards wide, and extending to an unknown distance 
with the strike of the strata. There were 40 iron furnaces there, and 
Dr. McClelland was led to believe that the manufacture of iron was 
merely a pretence to cover a more lucrative trade ; but of this suspicion 
no subsequent proof could be obtained, and from the men themselves, who 
were very uncivil, no information was elicited. 

About the year 1867, the attention of the late Mr. Lord of Raniganj 
was drawn to this locality by the fact of some of the native iron smelt- 
ers having brought for sale at Raniganj what they conceived to be 
silver. It was ascertained that they had smelted some of the tinstone 
supposing it to be iron, and on seeing the white metal run had concluded 
that it was silver. Having obtained the right to mine from the Raja 
of Palgunj, on an annual payment of Rs. 2,000, Mr. Lord opened a mine 
and commenced smelting in the ordinary native iron furnaces. While 
the mine was in progress it was visited by Mr. Hughes, from whose notes, 
and his own subsequent observations made after it had been deserted, Mr. 
Mallet ^ prepared a short account of the deposit, from which the follow- 
ing facts are taken. 

The ore occurred in three or four lenticular beds or nests in the 
gneiss, which were seldom more than a foot or two across, although in 
one or two instances they were as much as 13 feet; they extended for 20 
yards in a direction parallel to the bedding of the gneiss. 


* Report on the Geological Survey : Season, 1848-49. 
2 Records, G. S. I., Vol, VII, p, 36 pp. 19, 59. 
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The ore consisted of gneiss with thickly disseminated crystals and 
giains of tinstone. At a depth of 20 yards the nests appeared to be 
tliinning out ; and the rock becoming harder and the water troublesome 
the mine was abandoned. The smelting was carried on in a rather 
primitive fashion^ and according to Mr. Mallet^s informant, a native of 
the place, only 12 maunds of tin, or between 8 and 9 cwts. of tin, 
was jn’odueed. 

So far as these operations went their result was to show that the 
deposit was not one of considerable extent, but they were perhaps on too 
limited a scale to afford conclusive evidence on this point. 

SiMRATART, WEST hw PiHRA, Lat. 24^"^ 39' N . ; Long. 85° 49' E. — At this 
locality Mr. Mallet found a few crystals of tinstone in a lenticular pocket 
of granite in mica schist. The discovery was rather of mineralogical 
than practical interest, still it is considered to indicate the possibility of 
the ore occurring in the granite of that part of the country. Beryl, 
apatite, garnet, and leucopyrite, which are not uncommonly found asso- 
ciated with tin, were also found in the same region. 

Central Provinces: Bustar State. — A communication received 
from Mr. Vanstavern by the Geological Survey in 1879 suggests the 
probability of the occurrence of tinstone in the Bustar State. A Gond 
from a village called Papagudem, who wore a tin bracelet, was seen by 
Mr. Vanstavern at Dumagudiem. On being asked about it he said that 
the metal had been made in his own village from some black sand 
resembling gunpowder which was found there. The name of the village 
is supposed to be derived horn papamu, which means tin. In the neigh- 
bourhood of Vijapur there is a village marked on the map, called Patar- 
gudiem, lat. 18° 46'; long. 80° 54', which is possibly the place. The 
rocks in this neighbourhood are all metamorphic. 

Bombay. — In Bombay the discovery of ores of tin has been limited 
to finding mere mineralogical hand specimens, and there is as yet no 
ground for supposing that ores occur in abundance. 

Dharwar District: Dambal Hills, Lat. 14° 15' N. ; Long. 75° 
45' E. — In the gold-bearing sands which take their rise in the Dambal 
hills Mr. Eoote* found a few minute grains consisting of a mixture of 
metallic copper and oxide of tin. 

Gujrat: Jambughora. — A sample of tinstone from Jambughora, 
east of Cham pan ir, was recently received from Mr. Rogers, late of the 
Bombay Civil Service, through Mr. W. T. Blanford. No particulars are 
known as to its mode of occurrence. 


1 Records, G. S. I., Vol. VII, p. 140. 
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British Burma. — Except in the Tonassorim division, in no part of 
British Burma are tin ores known to exist in quantity. There arc reports 
of tlieir occurrence in the Slian States to the south-east of Mandalay/ 
and tinstone is found in the Karciini hills between the valleys of the 
Sitaug and Salwin. Mr. O^Riley^ claims to have traced the stanni- 
ferous granite, across into the valley of the Sitang. The lied Karens 
work the ore at Kah- may-pew, and, it would seem, bring it to Tounghu 
for sale. A specimen of ore is said to have been olAained in the 
Zoukthwah stream in the Toimghoo district. 

The deposits for which Tenasserim has long been famous are situated 
further to the south and commencing in the neig*hbourhood of Ye or 
Yay, in the Amherst district; they occur at intervals down toMaleewoon, 
in the extreme south of Mergui, and thence continue to the south-east 
in the Malayan peninsula, where there are well known tin mipes and 
washings, but which, not being included in the territoiy now under 
the Government of India, are not described here. 

Throughout this tract there appears to be hardly a single stream bed 
where, if the sand is washed, traces of tinstone are not to be found. 
And not only does the ore occur in the streams, but through large tracts 
it actually impregnates the soil, and this is the case even in some of the 
islands of the Mergui Archipelago, 

The source of this ore is not far to seek ; it all comes from the granite 
range which separates Tenasserim from Siam, and from some subordinate 
parallel ranges. The ore, according to Dr. Oldham,^ exists as an essen- 
tial ingredient of the mass of the rock occurring disseminated through 
the granite in small crystals, and being similarly arranged to the quartz 
and felspar. . It is most abundant near the lines of junction between 
the granite and the highly metamorphosed slates with which the former 
comes in contact. The degradation of this granite by weathering through- 
out an enormous period of time has supplied the sand, which is now so 
abundantly impregnated with stream tin. 

Owing to the density of the vegetation on the hills they have never 
been thoroughly explored for lodes or veins, and therefore it is not 
known to what extent the ore may occur locally concentrated or segre- 
gated from the general mass of the rock. Lodes have indeed been 
discovered, it is said, at some localities, but there are at present no data 
for forming an opinion as to their abundance or extent. The natives 

* Ma^or Strover. Indian Economist, Vol. V, p. 14. 

2 E. O'Uiloy, Deputy CommiBsioner, Martubiin, to Commissioner of Teiiasscriin, Gth 
December 1804, and Tlieobuld, W. llocords, G- S. 1., Vol. Vl, p. 

^ Selections from Kocords, Government of India, Vol. X, p. 50. 
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very naturally coniine themselves to the stream tin which is easily 
obtained, and is generally of great purity. 

It is not improbable that, supposing the ore to exist, it would, in the 
lodes, be so mixed with sulphides and possibly arsenrites of other metals 
that it would be impossible for them to reduce it, or at least to turn out 
tin of equal quality to that which is now produced in their simple fur- 
naces. In certain localities wolfram occurs in association with the stream 
tin, and where this is the case the ore is of course of less value, and the 
tin produced from it commands a lower price in the market. 

Amherst and Tavoy Districts. — The occurrence of tin at various 
localities in these districts has been noticed by several writers. It is be- 
lieved that large quantities of tin were formerly manufactured in Tavoy 
since the traveller Ralph Fitcb records that in 1586 the whole of India was 
supplied with tin from the ^ island of Tavi.^ At present the collection 
of stream tin, if practised at all, is only done so on a very small scale. 

Kallee Ung, Lat. W 48' ; Long, 98^ 10'.— Dr. Heifer ^ obtained 
tinstone near the above-named river to the south of Ye or Yay, but he 
seemed to consider that the deposit was dying out there, but rapidly 
increased further south. 

Henzat, Lat. 14^ 36' N. ; Long. 98^ E.~Mr. O^Riley ^ in 1851 obtained 
stream ore by washing in the various streams which empty themselves 
into the Ilenzai basin from the south, through the Oung-Beng-Quin. 
These streams were said to be washed occasionally for both tinstone and 
gold by the inhabitants, and that, of the former, 6 to 8 pounds could be 
obtained by a woman washing for part of a day. He estimated that a 
man might, if properly directed, obtain 18 to 20 lbs. daily. 

Myit-ta, Lat. 14^ 12' N ; Long. 98^ 30' E. — Apparently the same 
locality as the above of the latest map is Dr. Heifer's Metamio, 40 miles 
distant from Tavoy. He states that it is in a tract of country of which 
the latitude of Tavoy passes through the centre, and which is about 60 
miles long, and from 8 to 12 miles broad. The streams containing the tin 
run into the basin of the Upper Tenasserim river, 'fhe ore is stated to 
occur both in the alluvium and in the granitic detritus on the hills, being 
in places apparently rather abundant, much more so than it is to the west 
of the range which separates the valley from the neighbourhood of Tavoy 
town. Some of the old pits worked in the Burmese time were 40 feet deep. 

Captain Low,'^ in his history of Tenasserim, mentions mines and 
smelting works at Bubeinchaung, near Ke-up-poeh, which were being 

* Second Report on Provinces of Ye, Tavoy and Morgui, Calcutta, 1889, p. 29. 

2 Selections from Recoi-ds, Bengal Government, Vol. VI, p. 3. 

^ Jour. Roy. As. Soc., Vol, 111, p. 47. 
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worked in 1825 when he visited them, and deserted mines at Nayedaunj^, 
and also at Slienze, near Kaleaung and Kamanula, one day^s journey to the 
nortli of Ke-up-poeh. These mines used to be worked during four 
months of the year, and gave employment to 400 men. The revenue 
from them probably did not exceed 1,500 tickals. Captain Low describes 
the operations as follows. With a shallow wooden basin the workmen 
simply washed the gravels in the beds of streams, and when they had 
obtained sufficient ore they returned to Tavoy, where it was smelted the 
tax amounted to 10 per cent, or more, as the Government took the metal 
at its own valuation. The trade was a poor one and less profitable than 
others, but its speculative character proved an attraction to the Burmese. 
The scarcity or badness of the water had caused many of the best mines 
to be deserted. 

Mergui District. — There are numerous localities in the Mergui 
district where stream tin occurs, and in a few instances the ore has been 
found in situ. Were it not for the density of the vegetation in the thinly 
inhabited jungles whence it comes, there ought to be no very great diffi- 
culty in finding the sources. Mr. Pryar,’ who visited the principal 
works, states that they may be enumerated under 11 heads as 
follows : — 

Palouk, Lat. 13° 15' N.; Long. 98°40'E. — This place is alluded to in 
a communication which was made to the Asiatic Society in the year 1829, 
by Mr. D. Boss ; ^ it was stated on the authority of Major Burney that 
some Chinese who had visited it had stated that the ore was superior 
to that at Junk Ceylon, an island off the coast of the Malayan Peninsula. 
Dr, Heifer apparently refers to this locality under the name Palow, but it 
may be that it is a place a little further south. lie also mentions Womboo 
to the north of Mergui. 

In three tributaries of the Palouk river, named Koosheelo, Walach, and 
Natheechoung, 18 miles from the village of Palouk, Mr. Fryar obtained 
evidence of the existence of an abundant supply of stream tin in what 
he considered to be profitable quantity. There are no workings there at 
present, owing, it is said, to the dearth of inhabitants. 

Mergui, Lat 12° 26' N ; Long. 98° 35' E. — A bed of qnartzose 
sand, which includes large pebbles on the island upon which M ergui is 
built, contains stream tin in small quantity ; it used formerly to be worked, 
according to Dr. Heifer ; and Mr. Fryar states that it used even to be 
worked in gardens in the town itself. 

» Letter and Reports to the Chief Commissioner of British Burma, 17th December 
1871, &c. 

2 Gleanings in Science, Vol. I, p. 143, 
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King’s Island between Lats. 12° 19' and 12° 42' N. ; Long. 98' 9°. — 
Dr» Heifer mentions that he had heard reports of the existence of tinstone 
on King’s and Domel Islands, and Mr. Fryar, who visited the former, 
found stream tin in the bed of the Kitan river near the sea, and 8 or 10 
miles from the hills, so that he concludes that a large quantity is obtain- 
able since there have never been workings there. 

Kahan Hill,*— Captain (now General) Tremenhere has in several 
papers described the tin deposit at this locality, and his operations in 
reference to its exploitation. The spot where the tin was found is situated 
near the Tenasserim river, about 11 miles from Mergui town. 

Captain Tremenhere * described the tin as occurring in a vein of de- 
composed granite which penetrated sandstone ; this geological anomaly 
in itself suggests that there was some mistake, and an investigation 
carried out by Mr. Fryar in the year 1872 showed that the deposit, which 
had been originally found at the bottom of a well, consisted of stream 
tin in a bed of friable micaceous felspar, and as a similar bed is inter- 
stratified with the sandstone at the top of the hill, it is concluded that 
the lower one consists of the same materials brought down by the wash 
of the rain and re-formed. In the year 1842, about 12 J cwts. of ore 
were raised here by Captain Tremenhere. Mr, Fryar’s opinion is that 
the tin is too thinly disseminated in the bed to make it probable that it 
would pay to work it ; and that it would be more profitable to work the 
recent pluvial accumulations of debris at the foot of the hill. 

Tiieandaw, Lat. 12° 20'; Long. 99° 15'. — This, which is a river 
tributary to the Great Tenasserim, is, as suggested by Mr. Fryar, identical 
with Thengdon, which in 1841 was considered by Captain Tremenhere - 
to be one of the richest sources of tin in the whole district ; but although 
there were many old pits there, nothing was being done at the time of 
his visit, and the same was the case when Mr. Fryar went there 
in 1871. 

Thawbawleek River, Lat. 12° 4' N. ; Long. 99° 20' E. — In this 
river, which is a tributary of the Ta-Ket, which is again a tributary of 
the Little Tenasserim, there are and have been for many years some- 
what extensive washings for stream tin. Channels are made in the 
bed of the river, and the water turned into them, and with an ingenious- 
ly made cane shovel the large boulders and pebbles are lifted out, and 
the tin sand, which is sifted by the stream, is ultimately recovered by 
hand-washing in small conical wooden dishes. 

* Jour. As. Soc. Beugal, Vol. XI, p. 841, with a plan. 

2 Jour. As. Soc. Bengal, Vol. X, p, 846, where Thengdon is said to he a misprint for 
Thcngdaw. 
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Mr. Fryar mentions two other localities, Belamo and Seboopela, in 
this neig’libourhood or general tract where ore was or had formerly 
been obtained. The tin-workers at the last-mentioned earned as much 
as Re. 1 a day. Another locality in this region, mentioned by Captain 
Trcmenhere,* is Zahmon in the Nunklai district, about 20 miles south - 
south-east of Mergui. The ore is of dark colour and inferior quality, 
owing to the prtjsencc of wolfram. An analysis of this ore gave — 


Iron ........ 4*61) 

TuiT^stio jicid 21)*46 

Snlplnir I*lt7 

Earthy residue and tin 0^1«*4H 

Total . . 100* 


The tin manufactured from the ore of this locality sold for 10 per 
cent, less than that produced at Kahan. 

Yagnan, Lat. 11^ 30' W. ; Long. 98^ 48' E.-— This locality is 70 
miles south of Mergui. The river bearing the above name is only naviga- 
ble at high tide and by the smallest boats. The tin washings are 2 or 3 
miles up the river, and are only worked during the rains. There are 
about twelve washers, and the ore is taken to Bopyng, where it is sold for 
lls. 3-8 ])er pee, equal to about £36 per ton. The earnings of each man 
during the season average Rs. 100. 

Bopyng, Lat. IP 15' N. ; Long. 98° 48' E. — Is 30 miles round the 
coast south from Gagnay ; the village is 10 miles up the river, and the 
principal washings 5 miles further up. There were here four Chinese 
and three Shan employers of labour. 'The coolies received from Rs. 10 to 
Rs. ] 5 a month, and a good workman could obtain 2 viss, or 7’3 lbs. of ore 
by washing in a day. There was a small furnace here belonging to one of 
the Chitiese, to which the others brought their ore and paid at the rate 
of Rs. 40 a ton for permission to smelt. A sample of tinstone, which 
Mr. Pryar saw here, and which had been brought from a hill-side 
several miles further inland, led him to conclude that an actual lode 
might exist in the hills. 

Kala THOOREE, Lat. 10° 52' 30° N.; Long. 98° 45' E. — Is 30 miles by 
the coast from Bopyng. There are thirteen separate washings, but not 
more than fifteen men are employed. There were only five houses occu- 
pied when the village was visited by Mr, Pryar, and the falling-ofE in the 
population was thought to be probably due to a diminished supply of ore. 


• Jour. As. Soc. Bengal, Vol. XT, p. 847. 
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The earnings were much the same as at Bopyng. The tin-bearing 
stratum is about 3 feet thick, and underlies 4 feet of dark-coloured soil. 

Choung Tanoung, Lat. 10° 50' ; Long. 95° 40'. — Is 4 miles south 
from the Kala Thooree estuary, and the washings are from 8 to 10 
miles up the river. The cutting into the river bed was 24^ feet wide. 
All the labourers, averaging a dozen, were Chinese, and the outturn in 
one year was between four and five tons weight of tin pigs which were 
sent to the Mergui market. 

Mr. Fryar^s description of the smelting furnace, which applies also f o 
those at other localities, was as follows : The furnace is built of clay and 
strengthened and supported by upright iron bars, which are bound to 
the clay by iron hoops. The blast is produced by a long wooden 
cylinder and piston moved backwards and forwards by manual labour. 
The tapping hole is kept open, and the molten tin is accumulated in a 
well, till there is sufficient to ladle out and cast into a pig. For each ton 
of metal from 1*9 to tons of tinstone are required. At difEerent 
localities, however, the percentage obtained varies from 52 to6S per cent. 
One furnace worked by six men produces 400 lbs. of tin in the 24 hours. 
The slags are passed through six times before being thrown away. 

Mr. Fryar estimated that at Lanya the profit per ton of metal was 
£38 14 0, which was arrived at as follows : — 

Cost of tinstone for 1 ton of metal . . . £48 10 0 

Furnace expenses . . . . . . 10 0 0 

Carriage to Mergui . . . . . , 1 10 0 

£()0 0 0 


Price received from merchants at Mergui, £98 14. 

Pakohan, Lat. 10° 28'; Long. 98^ 10\ — This village is situated about 
40 miles up the Pakchan river. Tin sand is obtained at a place three 
days^ journey from Pakchan. Sixty men are employed, and all is sent to 
Ma-lce-won furnace for smelting. Between this and Ma-lee-won there 
arc several other localities where tinstone is washed for. 

At llhenoung, in Siamese territory, on the opposite side of the Pak- 
chan, there are also tin works. The sand is brought on elephants from 
the stream a day^s journey off, and 2,000 men are engaged in tin-getting, 
according to Mr. Fryar. This locality was also visited by Dr. Oldham,* 
who was much struck with the system adopted by the proprietor ox 

* Selections from Records, Government of India, Vol. X, p. 57. 
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Cioveriior, an old Chinaman. Everything was most orderly; the feeding 
r>f the men being no less so than the preparation of charcoal for the 
furnaces and the shipping of the metal to Penang. 

Ma- LEE-WON, Lat, 10° 12'; Long. 98° 10'. — This village is situatc^d 
on a tributar}^ of the Pakchan river, and it is the most southern of the 
localities in Tenasserim where tin is worked for; the principal washing is 
8 miles from the village, and when visited by Mr. Fryar there were about 
70 Chinese coolies employed. The river-bed is 300 feet wide, and the 
tin-bearing stratum is from 15 to 27 feet beneath the surface, and is only 
itself 2 feet thick, but it is very valuable for the amount of tin sand 
which it yields. The lessee Tsit Tschan employed altogether 200 men at 
dillcrent localities, and apparently derived a large income from the indus- 
try and from tolls levied on sub-lessees. Between the years 1860 and 
1870 the annual rent for Ma-lec-won mines charged by Government was 
£272. 

About the year 1873^ the township of Ma-lee-won was leased to 
Messrs. Steel and Company, a firm of Rangoon merchants, with the view 
of manufacturing tin on a large scale ; it is stated that besides the abun- 
dant supply of stream tin, veins of ore had been discovered and opened in 
the hills. The lease was for 30 years at a ground rent of £1,000 per 
annum, which merged into a royalty of 7 per cent. 

During the year 1874-75, 14 tons of cleaned ore and 7 tons of metal 
were exported. Machinery was erected and roads were opened out, but 
in 1S77 the lease was abandoned, as the expenditure had exceeded the 
outturn by a large amount. It is considered doubtful whether after 
this disappointing experience European capital will ever again be risked 
at Ma-lce-won.- At the annual rent of £272, the Chinese, with less 
cajdtal and smaller current expenditure, were enabled to make the work 
pay and they are now reinstalled there with from 80 to 100 workers. 

In the year 1877-78 there were apparently in the whole of Tenas- 
serim only 12 washings worked by Chinese ; for these, ground rents, vary- 
ing from £10 to £210, were paid. The tin exported was — to Penang 205 
cwts. valued at £725, and to Rangoon 482 cwts. valued at £1,737 ; total 
34 tons 7 cvvt. valued at £2,462. Besides the ground rent the Chinese 
]>ay a royalty of 5 per cent, on the market value of the tin exported. 

The following table by Mr. Fryar may be of use as showing the cost 
of collecting the stream tin, but with the fluctuation in the price of tin, 
and with the uncertainty which still exists as to the possibility of ob- 

' Administration Roport, Britiah Burinai 1874-75* 

- Uh m, 1877-78, p. 35. 
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taining a sufficient supply for a large factory, it would be useless to 
attempt to set forth the possible profits which might result from European 
enterprise : — 


Stroaii) till workH. 



Produce i»er 

Kate for ejujh per of 




man. 

21 ‘90 IbH. of ore. 




Uh. lbs. 

Rs. A. 

p. 

Thabawleek 



. 4i to 51 , 

2 0 

0 

Ga^iian 



- 6 

3 8 

0 

Bopyii^ 



. 6 to 7} 

2 3 

0 

Kalathooree 



. 2i to 7.! 

3 3 

() 

Ohoung-ta noiing 

. 


. 6 to 7f 

2 A 

0 

Ma-loe-won . 

, 


. to 6 

3 1 

4 


The price of ore apparently varies from £29 to £41-5-7 per ton. 

Titanium ; General Remarks. — Titanium does not occur native. 
lf,s most common mode of occurrence is in combination with oxygen and 
iron as titan if erous iron, menachanite or ilmenite. Combined with oxygen 
alone it forms titanic acid, which is otherwise known as rutile. It is 
unnecessary here to mention the other combinations in which titanium 
occurs, with calcium, silica, &c. 

The precise effect of titanium when present in iron is somewhat 
obscure.. As much as 1 per cent, occasionally occurs in pig-iron and 
gives strength to the metal ; and wrought-iron or steel is of better 
quality when made from pig of this character, but as the titanium is 
then no longer present in the metal its influence must be produced by some 
indirect action. 

It is believed that the good quality of some varieties of iron produced 
in India, by the direct process, is attributable to the presence of titanium 
in the ores from which they are made. Ores containing 8 per cent, and 
upwards of titanic acid are refractory and difficult to smelt, and it is on 
this account that the unqualified statement is sometimes made that the 
presence of titanium in iron ores is injurious. 

The distribution of titan if erous iron ores in India is not very well 
known. But it is probable that with the black magnetic iron sands 
which are found in the beds of streams traversing the metamorphic rocks 
at intervals all over the peninsula, more or less titaniferous iron would 
generally be found to be associated. 

Bengal.— In the south-eastern portion of the district of Manbhum 
in Bengal, more especially in the neighbourhood of the village and thanna 
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of Supnr_, large masses of ilmenite are sometimes to be seen weathered out 
from tlie({uartz veins and lying strewn over the surface ; occasionally too 
lamellar plates or seams have been seen there in situ in quartz veins. 

Rajputana : Alwar State. — According to Mr. Hacket,^ rutile or 
iitani(; acid occurs in some quartz veins which traverse the Arvali rocks 
of the Motidongri range, a short distance south of Alwar, 

Cobalt : General Remarks, — Cobalt is not found native. Its prin- 
cipal modes of occurrence are in various more or less complex combina- 
tions with sulphur, arsenic, and alloyed with nickel. It also combines 
with carbon and phosphorous. 

But two or three localities are known in peninsular India where ores 
of cobalt are found. These are at Bahai, Bagor, Singhana, and perha}>s 
some of the neighbouring mines in the Jaipur State in Rajputana. 
Sam])les of cobalt ores have, however, been received from two of the extra- 
peninsular regions, namely Ne])al and Burma. 

Rajputana; Jaipur State: Babai, Lat. 27° 53'; Long. 75^ 49'. — 
An ore of cobalt called miia or .sehla has long been known to the natives 
as occurring in the copper mines near Babai and Bagor in Jaipur, 8 
and 2 miles respectively south of the mines at Khctri. The first pub- 
lished notice of it appeared in the year 1831 by a writer who simply signed 
himself A. E.- (? Captain Boileau). He described it as a fine grey sand 
resembling iron /dings. It was sold at the mines for from Rs. 40 to 
Rs. 100 per maund, and was used for colouring glass bangles. 

In the year 1845 a mineral from Jaipur (misnamed in the original 
Syepoore) was described by Mr. J. Middleton^ as a sulphide of cobalt, 
and for it the name Syepoorite was proposed by Nicol in his Manual of 
Mineralogy. Mr. Mallet ^ has recently suggested, but with all due 
caution, a doubt as to the accuracy of the original analysis. If it should 
prove to have been inaccurate, it will perhaps be a consolation to those 
mineralogists, to whom the possession of a sample of this cobalt sulphide 
has long been an object of desire, to know that neither it nor Syepoore 
ever had any existence. This is one of those cases, however, where the 
proof of a negative is so difficult. 

The mineral known as saila^ has been partially analysed with the aid 
of the blowpipe by Major Ross, and more recently a full analysis by 

‘ 0( ^01x18, G. S. I., Vol. XIll, p. 24^. 

' Gleanings in Science, Vol. Ill, p. 380, 

ProecU., Cliem. Soc., Vol. Ill, p. 39. 

♦ Records, G. S. I., Vol. XIV, p. 190. 

In the Panjah, where it is imported from Jaipur, it hears the name Zaff're, 
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Mr. Mallet has clearly demonstrated t hat it, or rather one ])art of it, has 
a complex composition as follows : — 


Sulphur 

19BJ 

Arsenic 

4:t-87 

Antimony 

tr* 

Cobalt 

2S-JO 

Nickel 

tr. 

Iron 

7\s:i 


•80 


l(H)-26 


This mineral occurs in crystals which are modilications of the cube, 
and Mr. Mallet has determined it to be cobaltitc. A distinct mineral 
which occurs with it, but which is separable by its crystalline form 
(orthorhombic), he has determined to be danaite or arseno-pyrite with 
cobalt. Jaipurite, as originally described, has therefore not been met with 
by him, but he suggests that possibly Mr. Middleton^s ore may have been 
from a different mine. 

The uses of this saita have been already referred to. In the Rajputana 
Gazettecr^^ it is said to have been formerly extensively used for colouring 
enamels and bangles blue, and that it was capable of producing a 
rose colour on gold, an art unknown in Europe. In the Jury Reports of 
the International Exhibition of 1862, there is some account of the process 
of enamelling on metal, as practised at Jaipur, but the production of the 
colours was a secret only known to certain families, except as regards the 
different shades of blue, which are stated by the jury to be produced by 
an oxide of cobalt. This oxide is doubtless prepared by roasting the 
above described cobaltite. 

According to Colonel Brooke, * the present price of mita is Rs. 50 
for a Jaipur maund of 53 lbs., the royalty on which is one-fifth. Not more 
than 200 lbs. is produced at any particular mine in the year. 

Nepal. — A specimen of cobalt if erous ^ matt ^ from Nepal was found 
by Mr. Mallet to contain 11 per cent, of cobalt. Nothing was ascer- 
tained as to the origin of the materials constituting this undoubtedly 
artifical product. It seems to be not improbable that they may have 
been obtained in the local copper mines. 

British Burma : Tenasserim Division.— -Mr. Theobald states that 
he obtained a sample of earthy cobalt, with which manganese was asso- 
ciated, from the neighbourhood of Henzai.^ It was a nodular mass of a 


Jour. As. Soc. Bengal, Vol. XXXIII, p. 524. 
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black colour^ enveloped in white clay, not more than an ounce weight alto- 
gether. 

Nickel : General Remarks. — There are many ores in which nickel 
is a constituent. It occurs in combination with sulphur, arsenic, antimony, 
carbon, and silica ; it is an essential component of certain ores of cobalt, and 
is often found in pyrrhotite or magnetic pyrites. The metal nickel is 
principally used in the manufacture of German silver, and of late years 
the demand for it for this purpose has increased ; the annpal outturn 
(in 1874) being limited to about 600 tons, the price within a few 
years rose from 4 to 1 1 shillings per pound. At present it costs only 3 
shillings per pound. One of the present sources of supply is a silicate 
called garnierite, which is worked to some extent in New Caledonia. 

In India traces of nickel have been found in several ores, especially in 
those in which cobalt also occurs in the mines in Rajputana.^ Recently 
Mr. Mallet found that both cobalt and nickel were present in pyrrhotite 
from the Khctri mines, and in the iron ores from Rhangarh there were 
traces of nickel. 

Traces of nickel, in association with copper, have also been found by 
Mr. Mallet^ to occur in the veinstone in which the Kandahar gold occurs. 

Manganese: General Remarks.—The ores of manganese are 
numerous, and they are somewhat widely disseminated, though their 
occurrence in quantity locally is rather unusual. The commonest ores 
are manganite or tho grey oxide ; wad or the earthy protoxide ; pyrolusite 
or the black peroxide; psilomelane a combination of the oxide with baryta ; 
hausmanite or peroxide occurring with other ores of the metal ; and brau- 
nite or binoxide in combination with iron peroxide, silica, and magnesia. 

The principal sources of manganese ores are perhaps, in the majority 
of cases, situated in the older crystalline or metamorphic rocks, still they 
sometimes occur in younger sedimentary and unaltered rocks. In India 
indeed, as will be seen below, a not unfrequent source is laterite, though 
in such a rock the deposits can scarcely be expected to be veiy con- 
stant over large areas. It is possible that manganese is much more 
abundant in this association than is generally thought, as on the weathered 
surface it resembles ordinary laterite and might easily escape detection. 

The uses to which the ores of manganese are put in the Arts are some- 
what varied. They are extensively employed in glass-making and staining ; 
in the preparation of enamels ; painting and glazing potteiy ; and in the 

* Records, G. S. I., Vol. VI, p. 96. 

2 Idem, Vol. XIII, p. 248. 

^ Mem., G. S. I., Vol. XVIII, p. 56. 
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production of oxygen, clilorine and calcium chloride. Of late years their 
employment in the manufacture of iron, and steel by the Bessemer process, 
the latter especially, has worked a marvellous change in the iron trade. 
The Spiegel eisen of Germany, which is the form in which the manganese 
is generally applied to the purpose, is either prepared by an artificial 
mixture or by the use ol franklinite, an ore of iron which contains 
manganese. The effect of the addition of 10 per cent, of sgncgel eisefi 
to the charge in the Bessemer converter is to replace the carbon which 
has been consumed. The silica in the iron becoming oxidised too com- 
bines with the oxide of manganese and forms a fluid slag. 

The ores of manganese were also employed in the production of steel 
by the methods invented by Mushet and Heath respectively. Various 
highly carbonised compounds of iron and manganese have been recently 
proposed, and in some cases adopted, as substitutes for spiegel eisen, 

Madras. — According to Dr. Balfour, ores of mangaTiese occur in the 
following districts and States ; but the amount of authentic information 
as to the nature and extent of the deposits, respectively, is very limited : 
Nilgiris, Mysore, Kadapah, Karnul, Bellary, Vizagapatam, Hyderabad. 

Nilgiris. — Major H. Congreve states that he obtained an ore of 
manganese in combination with iron at Kunur, and Captain Newbold * 
mentions that it had been found by General Cullen and Dr. Benza in 
some iron ore near the lake at Ootacamund and in the Kaiti valley, but 
evidence that it is abundant at either of these localities docs not appear 
to have been published. The same remark also applies to the oc(;uiTence 
of a probably similar ore in Mysore, to which early reference was made 
by Sir W. Ainslie in his ^ Materia Medica of Hindustan.^ 

Vizagapatam District, — Specimens of manganese ores from Vizia- 
nagram and Bimlipatam were received from Dr. A. Hunter of Madras 
by Dr. A. J. Scott, who made an analysis of them in Edinburgh, 
obtaining the following results : — ^ 


Silica 

Vizagapatam. 

8*3 

Bimlipatam, 

, 9-U9 

Peroxide of iron 

. 12*91 

11*72 

Magnesia 

. 2-339 

0-658 

Lime 


1*2‘U 

Red oxide of manganese 

73-786 

76-177 

Oxygen . 

1-864 

0 655 

Water . 

. 0-639 

0-432 


99785 = Mn. 53*4287, ™ Mn. 54 9297^ 


' Madras Jour, of Lit. and Sci., Vol. XXII, p. 253. 

* Edinburgh New Philosophical Journal, Yol. LI II, p. 277. 
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The Vizfi^patam ore, which, according* to the above analysis, is con- 
sidered by Dr. Scott to approximate most nearly in character to a variety 
called marcellin by Daraour from St. Marcellin in Piedmont, is said 
to occur in large irregular masses of several tons weight. Its specific 
gravity is 4*50. Dr. Scott supposes the including rock to be laterite. 

Manganese is said to be obtainable at Bimlipatam for 2 annas a 
maund.* 

Hyderabad: Bedak, Lat. 17° 54'; Long. 77° 35'. — Captain New- 
bold recorded that he found manganese-and-iron ore in veins in the 
laterite which forms the cliffs, 16 miles west by north from Bedar, in the 
Nizamis territories and close to the line of junction between that rock 
and the trap upon which it rests. These veins traverse the laterite in 
all directions, giving rise to a reticulated appearance. It seems from 
the description that although the veins are thin, a large quantity 
of ore might be obtained there, but as to its quality nothing is yet 
known. 

Bengal : Singhbhum District. — Manganifcrous limonite is found 
in some abundance in the neighbourhood of Chaibassa, in Singhbhum.*'^ 
Should the projected line of railway to the Central Provinces be made in 
that direction, it is conceivable that these ores might be brought to mix 
with those of the Raniganj. The amount of manganese contained in 
them has not yet been ascertained, but of the ores there is an unlimited 
supply. 

Central Provinces: Jabalpur District : Gosalpuu, Lat. 23° 23' 
30" ; Long. 80° 7'. — A deposit of manganese ore, in the neighbourhood 
of Gosalpur, has long been known lo the natives, as it was formerly 
worked by some local glass-blowers, but it docs not appear to have ever 
been exported. In the year 1875 Mr. W. G. Olpherts, C.E., brought 
its existence before the notice of the Government, and subsequently an 
early opportunity was taken by Mr. Mcdlicott of examining it. He 
found that it occurred somewhat obscurely in laterite, but did not form 
either a regular lode or vein, nor was there any apparent connection 
between it and the underlying transition rocks. The laterite is appa- 
rently of the older non-detrital type, and it was considered that the 
manganese was innate. Mr. Medlicott saw no reason for doubting, in 
spite of the irregular mode of occurrence, that a large supply of the ore 
might be obtainable at this locality. 

‘ Vizagapatam District Manual, p. 155. 

- Jour. As. Soc. Bengal, Vol. Xlll, p. 903. 

’ Meui., O. S. 1., Vol. XVIII, Part 11, p. 87. 




The ore consists of dark ^teel -gray, finely crystalline p3n*o1nsitc, with 
a varying proportion of psilomelane, hut the latter is absent in sonic 
specimens. The available oxygen is 15’25=83‘00 of peroxide, which 
is therefore about as much above the average as tliat in the Nagpur ore 
is belofT it. With refcrenec to the pi’esenee of baryta in this ore, Mr. 
Mallet mentions that baryta occurs in some abundance at Imlia near 
Sleemanabad, 20 miles north-east of Gosalpur. 

Nagpur District. — The existence of manganese ores in the metamor- 
])hic rocks north of Nagpur appears to have been first alluded to by 
Captain Jenkins'^ and Dr. Voysey.*"^ The former merely states that a rich 
black oxide is abundant, and the latter that a foliated black ore occurs in 
great quantity associated with mctamorphic rocks, which are seen at 
Nayakhund, Parsuni, and in the bed of the Posh river. Later and more 
definite information gives exact localities in this region. 

E/AMTEK, Lat. 21^ 24'; Long. 79° 21'. — Three miles west of Ramtek, 
and on the south-east side of the Munsur trigonometrical station, a hill 
about 20 miles north-east of Nagpur,*therc is an outcrop of manganese 
ore which was brought to notice by Lieutenant R. E. Oakes in 1859, and 
has more recently been described by Mr. Wilson, Executive Engineer of 
the Kanhan Division, as being 10 feet thick and traceable in a north-west 
to south-east direction for a quarter of a mile. A sample of about 20 lbs. 
of the ore, which was forwarded by Mr. W. Ness, has been analysed by 
Mr. Mallet,^ who found that it consisted of finely granular and indistinct- 
ly crystalline braunite with included rhodonite. On analysis the specimen 

‘ Records, G. S. I., Vol. XII, p. 99. 

2 As. Res., Vol. XVllI, Pt. I, p. 198. 

“ Idem, p. 127, 

■■ Kicords, G. b. 1., Vol. Xll, p. 73. 
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yielded the following results^ the manganese being all estimated as ses^jui- 
oxide ; — 


ManganesG sosqiiioxide .... 

. 78-64 

79‘31) 

Iron 

. 9-78 

9*87 

Lime ..... • . 

. 1*20 

1-21 

Magnesia . . .... 

ir. 

tr. 

Oxygen in excess of that required for Mg 

. 1-65 

1-67 

Silica ....... 

(J-OO 

606 

Phosphoric acid 

•2] 

-21 

Combined water ..... 

. 2-61 

2-63 

Hygro.scopic water ..... 

•60 


Disseminated rhodonite .... 

‘35 



101-04 

101-04 


In the second column the composition is given exclusive of moisture 
and the rhodonite, the latter being generally separable. The excess of 
oxygen and the presence of water show that the braunite is probably in a 
partially altered condition. The ore contains 55*27 of manganese, and 
the amount of available oxygen for oxidising purposes would be* about 
9*71 per cent., which is somewhat less than that in the usual commercial 
ores, which ranges from 11 to 14 per cent. 

Kodaigowhan, Lat. 21° 24' 25"; Long, 79° 1' 20". — A deposit of ore 
similar to the above was discovered by Mr. W. T. Blanford in the year 
1872 at Kodaigowhan, 20 miles to the west of Munsur. 

Berar Wun District : Malagarh. — An impure ore of manganese 
has been described by Mr. Hughes* as occurring in botryoidal masses 
in the red clays of the Kamthi series round Malagarh. Its composition 
was as follows : — 


Manganese oxide . 

. . 

. 44-6 

Iron and alumina , 

* . 

. 6-8 

Sand and clay 

. 40‘1 

Loss on heating 

. 

. 8-5 



100-0 


Nothing is known certainly as to the abundance of this ore, but from 
its described mode of occurrence the quantity to be found in a given 
number of cubic feet of rock would probably be very inconstant. As 
to its value the high percentage of impurity would perhaps render it 
unusable, and the amount of available oxygen would probably be incon- 


Records, G. S. 1., Vol. Yll, p. 125. 
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sideraLlc, Imt the amount of this cannot be estimated from the above 
without the exact nature of the oxide is first known, 

Amraoti District: Peepul Cottah oePimpul Koonta, Lat. 21^ 
16' N. ; Long. 78° 4' E. — It seems advisable to place on record here 
the circumstances connected with a discovery of specimens of manganese 
ore containing 80 per cent, of oxide of manganese at the above locality, 
as the circumstance was considered to be of importance at the time and 
gave rise to no little correspondence. 

The result of the enquiry which was set on foot by the local officials 
was that the broken fragments of ore which had been found at a short 
depth beneath the sui’face inside the village had been brought from some 
unknown locality by the former inhabitants. 

Rewah : Basi. — A n impure manganese from Basi,in the South Rewah 
coab field, which was obtained by Mr. Hughes, contains a large amount of 
insoluble matter, some iron, and a trace of cobalt. According to Mr. 
Mallet it appears to be an impure psilomelane. 

Rajputana : Alwar State : Bhangarh, Lat. 27°. 7'; Long. 76° 22'.— 
In the iron mines at Bhangarh a mixture of Hmonite, magnetite and 
oxide of manganese is found, according to Mr. Hacket,^ which contains 
59*67 per cent, of iron and 12’7 of manganese. 

Bundi State: Datitnda, Lat. 25° 27'; Long. 75° 30'.— Small 
veins of oxide of manganese occur in fault rock near Datunda ; according 
to Mr. Hacket these have not been worked. 

Bombay : Dharwar District : Wodooeti. — A t this locality, which 
is in the Kappatgode range. Captain Newbold^ visited some old excava- 
tions, which, according to his informants, had been made by the agents of 
Ilyder and Tipu in the search for coal (?) . He found among the metamor- 
phic strata there a dark rock, which was internally of a bluish-black 
hue, tough and powdery under the hammer. It contained numerous 
veins and nests of a shining foliated mineral of an iron-grey colour, &c. 
He concluded that the mineral was black oxide of manganese in com- 
bination with iron, and probably a little sulphur and alumina. There 
does not appear to be any recent account of this deposit. 

British Burma : Tenasserim District ; Thugoo. — C aptain Tre- 
menhere,^ in the year 1841, described the occurrence of manganese ores at 
three localities in the vicinity of the Great Tenasserim river. These are 
situated respectively on the bank of the Thugoo stream, which enters the 

Records, G. S. 1., Vol. X. p. 91. 

Jour. Roy. As. Soc., Vol. VII, p. 212; Madras Jour, of Lit. andSci., Vol. XI, p. 44. 

Jour. As. Soc. Bonj^al, Vol. X, p. 852 ; Cal. Jour., Nat. Hist., Vol. Ill, p. 55. Selec 
lions from Records, Bengal Government, No. VI, p. 12, 
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Tenasserira 17 miles below the coal site^ on the Therabuen stream, 5 
miles above the Thugoo, and from an intermediate spot where the Great 
Tenasscrim intersects an outcrop of the ore. No opinion could be formed 
as to the extent of the deposit owing to the scarcity of stream sections, 
and the thickness of the vegetation, but it was thought to be not improbable 
that a bed of ore, several square miles in extent, existed, which united all 
these localities, but even without this sufficient could be obtained, it was 
believed, at the three localities ; the ores consisted of the black and gray 
oxides and wad. The Rev. Mr. Mason states that he has seen mangani- 
ferous iron from one of the islands south of Mergui. * 

Upper Burma. — Among some minerals received from Ava and 
forwarded by Major Burney, Mr. J. Prinsep^ found a sample of black 
oxide of manganese with earthy fracture and shining mammillated 
surface. Nothing is known as to the mode of occurrence of this ore. 

Chromium: General Remarks. — This metal is found in chrome 
ochre, consisting simply of the scsquioxide more or less pure, and in 
chromite, which is the same in combination with iron protoxide. It is 
also a constituent of crocoisite or lead chromate, and in small quantities 
it affords the colouring principle of many minerals, as emerald, serpentine, 
olivine, &c. 

The compounds of chromium, which are largely used as pigments, arc 
chiefly prepared from chromite. Of these, the yellow chromate and the 
red bichromate of potash are perhaps the best known ; from them chromic 
acid, the green oxide of chromium, the blue oxide of chromium, chromate 
of lead and other compounds are obtained ; these include among them 
some of the most brilliant and valuable pigments among those which arc 
employed in the arts. 

Chromite or chromic iron, wherever it has been found, usually occurs 
in veins or masses in serpentine or in magnesite, and to this mode of oc- 
currence the only known cases in India completely conform. 

Serpentine does not occur in many parts of India, and the localities 
where chromite has been discovered are very few. In the peninsula 
the recorded details as to its mode of occurrence in the Salem district 
are the most complete ; in the Himalayas the most important deposit is 
in Spiti. 

Madras. — The principal source of chromite in the Madras Presi- 
dency is situated in the Salem district. Captain Newbold ^ refers to more 




* Natural Productions of Burma, p. 48. 
^ Jour. As. Soc, Bengal,, Vol. I, p. 15. 

^ Jour. lloj. As, Soc., Vol. VII, p. IGIK 
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or less definite information as to its occurrence at Yedichicolum, on the 
Cauvery in Tricliinopoli, and in the vicinity of Hoonsoor in Mysore. Dr. 
Balfour * states that samples from Bangalore and Vizianagram were exhib- 
ited at the Madras Exhibition. 

Salem District : Curpuu or Carupur, Lat. 11° 43'; Long. 78° 11' 
E. — In one of his valuable papers on the mineral resources of South- 
ern India, Captain Newbold gives an account, which is illustrated by a 
diagram of the mode of occurrence of the chromite in the mines at the 
above locality. It is stated to have been first discovered by Mr. Heath 
and afterwards by Mr. Fischer, and mines were opened by the Porto Novo 
Iron Company. It is believed that a considerable quantity of the ore 
was exported to England, but after the first 100 tons had been extracted 
mining became difficult, and finally it was found that the expoH of the 
crude ore did not pay. 

The principal rock in the low hills at the south-west base of the 
Shevaroy hills, where the mines are situated, are hornblendic mica and 
talcosc schists penetrated by dykes of basalt and layers of serpentine, 
which last is intersected by a perfect network of veins of magnesite. 
The chromite oc^curs very irregularly in these veins in lenticular masses 
of various sha])es and sizes ; one block was said to weigh a couple of tons. 
At a depth of from 50 to 60 feet water became troublesome in the mines. 
It is not surprising, therefoi’C, that mining Ijecame too cx])cnsive to 
be continued with profit, there being no certainty as to the proportion 
which the chromite bore to the mass of rock which had to be removed. 
At the same time the demand for this ore was by no means unlimited, 
and the immediate effect of throwing the Indian ore on the London 
market is stated to have been to cause a fall in the price. 

A short account of the appearance ot the deserted mine, when seen 
by them in 1861, is given by Messrs. King and Foote. At that time 
the interior was inaccessible. 

Mr. E. Solly^s report on the Salem ore, as quoted by Captain Newbold, 
was that a tolerably pure sample yielded 49 per cent, of chromic oxide, 
equal to about 57 per cent of chromic acid, or cent per cent, of chromate of 
potash. The ore was in fact as good as could be desired, and the only 
question to settle was whether it could be obtained in quantity equally 
pure at a moderate cost. 

So long as England can obtain the crude ore from Scotland and 
Styria in sufficient abundance, it is not likely that it will pay to send 

* Cylopraliii, Art. — Chrome iron ore. 

» Mem,, G. S. 1., Vol. IV, p. 93. 
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any from India. And it is not at all probable that a local manufactory 
of the chromic salts would prove a profitable undertaking. 

Punjab: Kulu — Mr. Calvert' states that certain quartzose rocks 
in the valley of the Parbatti, between Mateara and Kusole, are stained 
with the emerald green oxide of chrome. Although the colouring matter 
may be due to the presence of chromium, it seems probable that the 
actual mineral is a silicate of magnesia. 

Spiti. — Samples of chromite, weathered out from serpentinous rocks, 
were found by Mr. Mallet^ among the debris of the comparatively 
level ground which borders the Hanle-chu river, but none was obtained 
in sitUy though, from the size of the fragments, it was concluded that it 
may very probably occur in quantity. The mineral generally had a more 
or less distinct crystalline structure, sp. gr. 4*208. Some specimens were 
traversed by veins of another chromic mineral, which resembles ouvaro- 
vite, but differs from it in composition, as is shown by comparative ana- 
lyses which Mr. Mallet quotes. 

* Kulu, p. 75. 

« Mem., 0. S. 1., Vol. V, i). 167. 
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CHAPTER VIIT. 

IRON. 

1 uoN. — Ocuonil Remarks. Madras — Travancorc — Madura — Trichinopoli — Salem— Porto 
Novo — Arcot — Malabar — Bepnr — Nilji^ins — Mysore — Chiiigleput — Kadnpab and 
Kiirnul — Bellary — Nclloro— KIstna and Godavari — llyderabad — Vizagapatam — Orissa 

— Bengal — Birbbum — Mougliyr — Rauiganj — Manblium— -Singlibbum — Hazuribagh — 
Lohardaga — Tributary States — Central Provinces — Sarabalpur— Bilaspur — Raipur — 
Maiidla — Bhandara — Balaghat — Jabalpur — Narsingbpur — Chanda— Mi rzapur — Rewali 

- Bundelkbund— Banda — Balatpur — Central India — Bijawar — Gwalior — Rajputaiia — 
Uhvar — Jaipur — Ajmir — Udepur — Nimar — Bombay— Ratnagiri — Satara — Surat — 
Kholapur — Sawantwari — Panch Mahal — Rewa Kanta— Abmedabad — Kattywar — 
Cu tell— Afghanistan — Punjab — Bannu — Peshawar — Salt-Range — Jhilam — Kangra — 
Mundi — Kulu— Sirmur — Gurgaon — Kumaun — Assam — Khasi and Jaintia Hills — 
Burma— Pegu — Tenasserim — Mergui — lTpi)or Burma. Ikon Ochbe. — General 
Remarks. Madras — Bengal — Central Provinces — Raipur — Balaghat— Jabalpur— 
Chanda — Bombay — Cutch — Sikkim — Burma. Ieon Pybitks. — General Remarks. 
Ikon Sulphate. — General Remarks. Ieon Phosphate. — General Remarks. 

Iron : General Remarks. — An idea o£ the abundance and extent of 
iron ores iu India can be most clearly conveyed by a systematic state- 
tnont of their mode of occurrence and distribution in the respective forma- 
tions of the g’cological sequence. Thus, to begin with the peninsular 
urea, we find that magnetite occurs in beds or in veins of greater or less 
extent in most of the regions where metamorphic rocks prevail. In some 
places, as in the Salem district, in the Madras Presidency, the develop- 
ment of this ore is on a scale of extraordinary and almost unparalleled 
iiiagnitnde, whole hills and ranges being formed of the purest varieties of 
it. In many cases it would seem that these deposits are not lodes, but 
true beds, in the same sense as are the gneissose and schistose rocks with 
which they arc associated. Similarly, in the Chanda district, there are 
enormous deposits of specular iron or red hfematite, with which magnetite 
also occurs. To the abundance and wide-spread distribution of these ores 
in the oldest rocks is no doubt to be attributed the fact of the frequent re- 
currence of considerable deposits, and the general dissemination of ferru- 
ginous matter, which more or less characterise the sedimentary rocks of 
all subsequent periods. 

In the submetamorphic or transition rocks again, bedded magnetite 
is known to occur in some localities, and it is probably more abundant in 
these rocks than is generally supposed, as when weathered, and when not 
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minutely excamincd, it might pass as a meta-diorite. Along faults and 
fractures, both in the metamorphic and submetamorphic rocks, very 
considerable veins of limonite are to be found in many parts of the 
country, as in Kadapah, Karnul, Manbhum, and in Jabalpur, &c. The 
rich ores of Central India arc principally found as haematites in the 
Eijawar or lower transition series of rocks. 

In the great Vindhyan formation ferruginous matter is commonly 
disseminated through immense thicknesses of beds, giving rise to the 
prevailing red and brown tints which characterise the rocks ; but in all 
cases where the ores are sufficiently concentrated to be workable the 
deposits occur as veins, not as beds. 

In the Gondwana system of rocks, the lowest group, the Talchir, is 
believed to have been formed by the deposition of its materials from 
floating ice, and, in it, the absence of ferruginous matter is conspicuous ; 
but in the next succeeding group, the Barakar, although many of the 
beds of conglomerate, sandstone and shale are almost free from iron, in 
others concretionary masses of limonite are abundant, and in some of the 
coal-fields clay iron ores or sidcrite, altered more or less into limonite, 
occur bedded in sufficient quantity to be of considerable importance. 
Perhaps the most noteworthy instance of this is in the Aurunga field, in 
Palamow. In all the coal-fields, it is believed, these ores, whether of 
concretionary or bedded character, are used by the native smelters, but 
the unaltered carbonates are rarely if ever employed, the native furnaces 
being, apparently, unsuited for their reduction. 

The next group, the so-called ironstone shales, is not represented 
beyond the limits of the Damuda valley, and as a source of iron ore its 
development is at its maximum within the limits of the Raniganj coal- 
field, where there is an inexhaustible supply of readily accessible ore. This 
ore, which originally existed in the form of black band or siderite, has 
been to some extent altered into limonite towards the surfaee, but to the 
deep it would doubtless be all found in its original condition. In the 
coal-fields to the west of the Raniganj, although the ironstone shale 
group is present, the amount of good ore is nowhere so abundant. 

In the next succeeding group, the Raniganj-Kamthi, the distribution 
of ore is somewhat unequal. In typical Raniganj rocks ferruginous mat- 
ter is scarce, and often wholly absent, but in their western equivalents, the 
Kamthi group, the amount of disseminated ferruginous matter is con- 
siderable and sufficient to produce all pervading red and brown tints. In 
those rocks too there are segregated masses and thin layers of iron ore, 
which are occasionally, but perhaps less commonly, than are those in the 
Barahar rocks, made use of by the natives for smelting purposes. 
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The lithological characterstics of the succeeding groups of the Gond- 
wana series, in so far as they refer to the presence of iron ores, are almost 
precisely similar to those just described. The proportion of white rocks, 
whether shales or sandstones, in which the presence of ferruginous mat- 
ter is not directly apparent, is comparatively small, and the segregated 
plate-like masses of ferruginous matter, which stand out in relief on the 
weathered surfaces of sandstones and conglomerates, are to be found in 
several of the groups. 

Next in the sequence of peninsular formations are the cretaceous 
rocks. In Southern India, in the Trichinopoli district, these contain 
nodules of iron ore in some abundance, and formerly, when fuel was more 
abundant than it now is, they were smelted to a considerable extent by the 
inhabitants. 

The Deccan trap, which is believed to have been poured forth in 
vast flows at the close of the cretaceous period, and perhaps continued 
to be 60 into early tertiary times, includes a vast amount of iron ore dis- 
seminated for the most part in minute crystals of magnetite ; but occasion- 
ally it occurs in nests of segregated hmmatite, and, more rarely, in layers 
which pass into ferruginous earth or bole. 

The beds of rivers which traverse this trap not unfrequently contain 
magnetic iron sand, which may be collected in sufficient quantity for 
the requirements of native furnaces ; but, as in the regions where this 
trap occurs, the source of ore next to be described is generally also to be 
found, recourse is more commonly made to the latter than to the former. 

The age and origin of the laterite have been fully discussed in Part 
I. of this work, and its richness in iron, which is its leading lithological 
characteristic, has been specially noticed. Certain segregated bands, 
which not uncommonly occur toward the base of the beds of laterite, are 
often prolific sources of an easily worked brown hajmatite, which some- 
times includes a higli percentage of metal. Lateritic ores have been 
worked by the native smelters in different localities scattered over the 
whole of India ; and at Bepur in Malabar, and at Mahomed Bazaar in 
Birbhum, they have been used in furnaces by British companies. 

Lastly must be mentioned the detrital ores of sub-recent age, which 
are derived from the break-up of the above deposits, and from various 
superficial accumulations of ferruginous matter. These being in general 
easily obtained, and being more or less soft and decomposed, are fre* 
quently preferred by natives to the harder and more refractory ores in 
situ, which are often difficult both to mine and to reduce. 

In the extra-peninsular regions, in groups of rocks, many of which 
are of quite different ages from those found within the limits of tho 
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peninsula, iron ores occur locally in considerable abundance. The prin- 
cipal sources of these are the tertiary rocks, as willbe seen from the 
following detailed accounts; but in the North-west Himalayas, and also 
aj^parently in Afghanistan and Burma, there are considerable deposits of 
ore ill the older metamorphic rocks. 

Practical men have sometimes spoken of the native furnaces and 
method of working contemptuously, as being merely objects of curiosity. 
On the other hand, some writers have given the operations of the natives 
the benefit of their close attention, and have submitted them to very 
close analysis. It has been said of the natives, that though they possess 
the art they know nothing of the science; but in this respect they do not 
differ from the artizans of many crafts in more civilised countries, and 
the introduction of scientific guidance in European iron factories is by 
no means universal at the present day, and is probably nowhere of great 
antiquity. In many cases it has been left to modern chemists to explain 
the rationale of processes which have been in practice for centuries. 
Chance combinations and the rule-of-thumb were formerly the guiding 
stars rather than science in all departures from old methods. The 
struggle for existence has of late years rendered it necessary, however, 
for all large iron and steel works to include a chemist or analyst on their 
permanent staff. 

As will be abundantly shown in the course of the following pages, 
the manufacture of iron has in many parts of India been wholly crushed 
out of existence by competition with English iron, while in others it is 
steadily decreasing, and it seems destined ultimately to become extinct. 
For this reason alone, if there were no others, the native process is worthy 
of full notice here, but there are other strong reasons why it shmdd be 
described, and which demand for it our respectful consideration and 
admiration. As in the animal world, the process of degeneration has 
produced forms which are but dwarfed representatives of their earliest 
progenitors, so it is with the rude smelting furnaces of the natives, which, 
though they may not now in some cases be much superior to those which 
the Celts erected on hill- tops to catch the passing breezes, are probably 
to a great extent the lineal descendants of a system of iron manufac- 
ture, which in the earliest times of which we have any record must have 
been on a scale of considei’able magnitude. 

The famous iron pillar at the Kutub, near Delhi, indicates an amount 
of skill in the manipulation of a large mass of wrought-iron, which has 
been the marvel of all who have endeavoured to account for it. It is 
not many years since the production of such a pillar would have been an 
impossibility in the largest foundries in the world, and even now there 
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are comparatively few where a similar mass of metal could be turned 
out. 

The exposed portion of this pillar stands £2 feet above the ground, 
and tradition ascribed to it a prodigious length under the surface. Even 
after excavations were made, it was stated to be 35 feet, but subsequent 
examination, made under General Cunningham^s directions, proved it to be 
only 20 inches, so that the total length is 23 feet 8 inches. Just be- 
low the surface it expands into a bulbous form, 2 feet 4< inches in 
diameter, and it rests on a gridiron of iron bars which are fastened with 
lead into the stone pavement. The diameter of the pillar itself is 16*4 
inches at base and 12*05 inches just below the capital, which is 3^ feet 
high. The above dimensions indicate a weight exclusive of the capital 
and the base of 5*7 tons, so that the total weight must exceed 6 tons. 

Analyses of the iron have been made both by Dr. Percy, late of the 
School of Mines, and Dr. Murray Thompson, of Kurki College, who have 
found that it consists of pure malleable iron without any alloy. It has 
been suggested that this pillar must have been formed by gradually 
welding pieces together ; if so, it has been done very skilfully, since no 
marks of such welding are to be seen. 

By those especially interested in the subject reference should be made 
to the discussion of its age by Mr. Fergusson.^ From the form of the 
letters in the inscription which it bears, various views as to its age have 
been suggested. Mr. Fergusson believes that A.D. 400 is not far from 
the truth. Wc have in this pillar therefore, which, though it has been 
always exposed to the atmosphere, shows no sign of rust, the most com- 
plete testimony of the skill and art of the Indian iron-makers 1,500 years 
ago. Forged iron bars of large size have been found also in temples 
of considerable antiquity in many parts of India, but especially in the 
south; and enormous cannons used to be made in Assam. 

lleferring again to the analogy drawn from the animal world— as we 
find in cerhiin animals aborted or partially extinguislied organs which 
point to cerhiia functional powers having been possessed by their progeni- 
tors, similarly if we take a survey of the systems of iron manufacture, as 
practised by the natives of India, we meet here and there traces of what 
may be the remnants of higher systems of working than those now exist- 
ing. These arc quite independent of obvious local differences as to the 
forms and size of the furnaces and the bellows, or differences in the nature, 
size, and subsequent treatment of the bloom. First in importance is the 
manufacture of cast-steel, in crucibles, which attracted so much notice 
many years ago. For a time Indian wootz or steel was in considerable 

* History of Indian and Ea«tem Architecture. 
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demand by cutlers in England. Its production was the cause of much 
wonderment and became the subject of various theories. The famous 
Damascus blades had long attained a reputation for flexibility, strength, 
and beauty before it was known that the material from which they were 
made was produced in an obscure Indian village, and that traders from 
Persia found that it paid them to travel to this place, which was difficult 
of access, in order to obtain the raw material. The circumstances con- 
nected with this manufacture will be found set forth in the following 
pages, and to the means by which the carbonization of the iron was 
effected the reader's special attention is directed, as it seems to point to 
synthetical knowledge having been possessed by the inventor of the 
process. There are reasons for believing that ^ wootz ' was exported to the 
west in very early times — possibly 2,000 years ago. 

Although in the typical Indian furnace the ore is in direct contact 
with the fuel, and is reduced, without the addition of flux, to a pasty 
mass, complete liquefaction not taking place, there are still localities in 
which, separately, there are departures from this rule in one or other 
detail. In Kattywar the furnaces are described as being of a form ap- 
proximating in character to reverberatory funiaces, for in them the flame 
produced by the blast over the ignited fuel played over the ore which 
was piled by itself and not mixed with the fuel. In Waziristan, on the 
testimony of Dr. Verehere, a flux of limestone is added to the charge. 
Unconsciously this is done too at one locality, if not in others. At Ten- 
dukhera, in the Narbada valley, where iron of superior character is pro- 
duced, the ore contains intermixed with it a good deal of the matrix rock, 
which is limestone. Lastly, it is distinctly stated that in the large 
furnaces in Birbhum, the iron was produced in a fluid condition and was 
run into pigs, which were subsequently converted in open hearths into 
malleable iron. 

As examples of furnaces having special modifications, those in Upper 
Burma, in which the artificial blast is wholly dispensed with, may be 
noticed. Whether it is true that iron is ever smelted in open hearths may 
well be doubted, though testimony to that effect is not wanting, but it is 
probably duo to a mistake. The writer has been more than once inform- 
ed that lumps of malleable iron were regularly found in a certain hilly 
region, and were brought to the bazaars for sale. Now those lumps of 
supposed natural or native iron would have been found, had they been 
first carefully examined by those who told the story to include masses of 
partially consumed charcoal ; they were in fact blooms from small native 
furnaces, and could naturally therefore be worked up by simple heating 
and hammering into useful iron. 
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Besides the competition which has been alluded to above as causing 
the gradual extinction of the native industry, there is another fact which 
tends to produce the same result, and that is the increasing scarcity of 
fuel. In some cases, where the fuel has all been used in the neighbour- 
hood of furnaces, the necessity of bringing it from great distances has 
steadily diminished the margin of possible profit. In others, where Gov- 
ernment has stepped in to preserve the forests from destruction, the burn- 
ing for charcoal has been forbidden, and the smelters have had to betake 
themselves to other regions not yet reserved, or to other means of obtain- 
ing a livelihood ; but it is not easy for the artizan o£ any country to change 
his trade, and in India it is hedged in by greater caste difficulty perhaps 
than elsewhere. It is for this reason that one finds the iron smelters in 
many regions the hardest worked, but poorest, among the population. 
The iron is sold at a high price, but the bulk of the profit goes to the 
traders through whose hands the metal passes. The amount of iron pro- 
duced bears but a miserable proportion to the labour, time, and material 
expended. 

In some cases the consumption of charcoal fuel for the production of 
finished iron is as 14 tons of the former to 1 ton of the latter. This is 
perhaps exceptional, but is possibly sometimes exceeded, and whatever 
charcoal is used, represents a proportionately high amount of timber, 
since the methods of preparation are often extremely wasteful. 

Where there are not extensive jungles to draw from, or where the 
timber is sufficiently accessible to be used for other purposes, the compul- 
sory closing of furnaces is rather a matter of policy than a fit subject for 
regret ; hut, on the other hand, wherever there are extended tracts of unre- 
served jungle it does not very much matter, especially since the unre- 
strained annual jungle fires consume a much greater amount of timber 
than any number of charcoal-burners could do. The timber used by them 
is, however, almost invariably tbc best that the particular jungle affords, 
such as sal, teak, &c. 

Propositions have been made from time to time to adopt a modifica- 
tion of the native system, which, while retaining the form of furnace, would 
economise labour by supplying the blast from an engine. It has been 
also suggested that by employing the waste loppings of Government 
reserve forests, charcoal might be had at a nominal cost ; but it may per- 
haps be doubtful whether indiscriminate loppings would yield charcoal 
suitable for the purpose. It is certainly the idea of the natives that the 
quality of the iron varies with the nature of the timber used for mak- 
ing the charcoal, and in many places charcoal from the bamboo is alone 
used for refining the iron. This selection is probably due to experience 
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rather than to mere chance or prejudice. Supposing, however, that this 
would not be found to be the case, it is conceivable that a large amount 
of charcoal iron might be manufactured by such a system in certain lo- 
calities, and could native capitalists be got to take up the matter, on 
being secured a constant supply of fuel, it might prove very profitable. 

Defects in the quality or quantity of the fuel have been no doubt 
among the principal causes of the failure to make iron profitably on the 
English system. In the case of the Bengal iron works at Barakar this 
was less felt than in others. The coal, though it might easily have 
been better, answered fairly well. In Chanda, however, it may be taken as 
having been fully demonstrated that the coal is too impure to be placed 
in direct contact with the ore in reducing furnaces. As regards the use 
of charcoal, the effect has been to denude large tracts of country wherever 
large furnaces have been established, as at Bepur and Porto Novo in 
the Madras Presidency, at Mahomed Bazaar in Birbhum, and also to 
some extent in Kumaun. The result of bringing a large number of 
people together anywhere in India is of itself destructive to forests, 
owing to the amount of fuel which each individual makes use of for 
domestic purposes. 

It has been most clearly shown that without planting and strict con- 
servancy the natural recoupment of Indian forests, at least in the drier 
northern regions, is too slow, even if it lakes place at all, to keep up the 
supply of timber for an unlimited number of years. 

In spite then of the abundance of ores of the richest character, the 
question as to the possibility of manufacturing iron profitably on the 
large scale becomes narrowed by existing conditions. In anticipation of 
the details given below, it may be said that by ordinary blast furnaces and 
Bessemer converters* adapted to the removal of an excess of phosphorus, 
it is believed that in the Kaniganj field iron and steel of high qualities 

* Recent discoveries have had a most important result in minimising, if they do not 
wholly remove, the hitherto insuperable difficulties in the manufacture of steel from pig iron 
containing an in j urious per centago of phospnorus. Among these discoveries that which has 
been patented by Messrs. Tlwmfis and Galclirist is perhaps the most important. Hitherto, 
in the Bessemer converters, the lining of silicious bricks kept up an acidic condition of the 
slag ; at the high temperature involved in the process this rendered oxygen inoperative as 
regards the phosphonis, which therefore remained combined in the metal. By means of a 
durable and refractory brick lining mjule of basic materials a basic condition of the slag, 
without excessive waste or injury to the metal or lining, has been secured, the result being 
that under the conditions thus affonled oxygenation of the phosphonis docs take place and 
the phosplio-ric oxides, combining with the bases and forming phosphates in the slag, render it 
possible to draw off the steel with but an unimportant trace of phosphorus remaining. The 
bricks are made of an aluminous magnesian limestO'ne ; it is not improbable that the Panchet 
limes toiU! might be made to answer the purpose. 
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might he manufactured under proper management, at an average cost 
which would probably admit of their underselling English metal in Ben- 
gal. The same remarks may apply too hereafter, when communications 
are improved, to the Palamow field, but the conditions there are perhaps 
not quite so favourable. In Chanda, as has been above said, ordinary 
blast furnaces arc inapplicable owing to the badness of the fuel ; but it is 
possible that, by other methods of reduction, Chanda would be in a posi- 
tion to supply the Central Provinces and parts of Bombay with iron at 
an average rate slightly lower than that paid for English iron. The 
same remarks may perhaps be extended to some of the localities in the 
Narbada valley. But as regards the rest of India, with the doubtful 
exception of Upper Assam, there does not appear to be any solid ground 
for hope that iron, under existing conditions, can be manufactured pro- 
fitably, This opinion is founded upon careful analysis of all that has 
been done to give the matter a fair experimental trial at a number of 
places, the particulars of which will be found in the following pages. 

Even with regard to the places above excepted, it seems probable that 
the margin of profit will always be a small one, and it will oscillate much 
as does the price of English iron in the Indian market. The effect of 
the improvements in English manufacture will almost certainly result in 
a further diminution of the native manufacture which still exists in 
many tracts simply because the soft charcoal iron is more malleable, and 
therefore more manageable by native blacksmiths, than is the less pure 
English iron. There is at present a large sale for Swedish and Welsh bar 
in India. 

In reference to the competition between Indian-made iron and that 
from Europe there are several facts which operate prejudically against 
the wide employment of the former. In Europe the iron produced in 
different localities, and even in different factories in the same localities, 
varies very much in qualities and properties. Sometimes, in consequence 
of difference in the materials, and sometimes owing to peculiarities in 
manipulation, iron possessing special properties is produced, and thus it 
is that particular districts and particular firms have become identified 
with the production of certain qualities of iron best adapted for particular 
purposes, and accordingly consumers of iron go to one firm for one 
quality and to another for a different one, according to the precise purpose 
for which the iron may be required. 

In India the best that could be hoped for by any one firm having 
constantly the same materials to deal with would be to be able to turn 
out regularly a particular quality, which would steadily reach a. recog- 
nised standard ; so that consumers of iron in India would probably still 
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find it necessary to order from Europe iron having particular qualities 
for special purposes to which the Indian iron was not applicable. That 
a single factory could ever supply all the different qualities of iron 
required in any one province in India is not to be expected ; but if rails 
of good quality and ordinary castings could be produced, a single factory 
might supply all the requirements in those articles within a certain 
radius; supposing the factory, for instance, to be situated inland in 
Bengal, it is not likely that its iron could compete with English iron at 
the ports of Madras and Bombay. Under exceptional prices and circum- 
stances it might do so, but the industry to be successful must be sup- 
ported by a steady demand for its manufactures. 

Supposing, on the other hand, that iron factories were established in 
the different provinces of India, their immediate effect would probably 
be to lower the price of English iron, since India is one of England's 
largest customers, and thus the margin of profit would probably be 
swept away, and the manufactures of the Indian factories would be 
undersold till such time as they were driven out of the market and the 
factories of necessity closed. Were there any probability of the Indian 
factories being able to produce iron at such a low rate as to defy com- 
petition this could not happen, but the experience, so far as it goes, tends 
to show that the possible margin in this direction must be a narrow one. 

In England, where the factories represent the outcome of the accu- 
mulated experience of many years, and where the surrounding population 
has been born and bred to the work, casualties of whatever nature need 
not cause, and generally do not cause, more than a temporary stoppage 
of work ; but in India, loss of life or injury to machinery could not fail 
to be j)roductive of serious and prolonged delay. Where, in England, a 
score of competent men might be found at a moment^s notice to carry 
on charge of any department, of which the incumbency, from whatever 
cause, became vacant, it might be difficult to find one in India. Injuries 
to important pieces of machinery always cause much greater delay in 
India than in England. Of course, it may be said that by having a reserve 
of foremen and machinery the evil consequences of casualties might, to 
a great extent, be minimised, but such a reserve would add materially to 
the working expenses. 

Of all the places in India where iron-making is possible, there is none 
where these difficulties would be less felt than in the Raniganj field, 
owing to its vicinity to the population a,nd foundries of Calcutta and the 
coal mines and the railway population at Assensole, 

Much has been written both for and against the idea of Government 
itself undertaking the manufacture of iron. Although the policy in this 
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respect has oscillated from time to time, the general character of what 
has been done has been either to expend money upon experimental trials, 
to subsidize companies, or to direct the different departments to obtain 
their supplies, as far as possible, from local sources, and thus aid the 
efforts of companies. 

It seems to be not improbable that had the Government started 
the manufacture of iron on an extended scale at the time of the opening 
up of the railways, great benefit would have accrued to the State. That 
it would have been possible, politically speaking, for any Goveniment 
to have done so continuously may be doubted, owing to the opposing 
interests involved ; but that had there been a department of the State, 
similar in its organization to the Forest or Salt departments, it is almost 
certain that tlie effect of establishing factories for iron manufacture 
throughout India would have been to keep vast sums of money in 
circulation in the country, and to have given employment to large numbers 
of people who now crowd the land. 

In a suitably officered department there would be a margin of officials 
to allow for leave and casualties, and what is perhaps of more import- 
ance to success, the managers of individual factories would be upheld in 
their authority by a prestige which the managers of companies do not 
possess. A spirit of independence of action soon grows up among European 
employes, and it requires very exceptional qualities in a manager, who 
has no local influence and who cannot directly claim the aid of those 
who have, to enable him to keep mechanics steady and attentive to 
their business, as Government servants are prohibited from taking part 
in the direction of companies. No industry in India requires the same 
amount of arduous and unremitting personal labour as that requirejl from 
iron smelters and puddlers. 

These remarks are made with special reference to what is known to 
have taken place at Bepur and Dechauri, not to mention other local- 
ities. 

The following statement shows the quantity of iron which has been 
imported into India during the past few years by the State ; and in 
Appendix A. it will be seen that the value of iron imported by the 
general trade has varied during the same period from Rs. 77,78,824 in 
1873-74 to Rs. 1,22,93,847 in 1879-80. The total value of imported 
iron, exclusive of that imported by the State between the years 1867-68 
and 1879-80 inclusive, amounts to the sum of Rs. 15,62,10,253, or at par 
exchange say £15,621,025, a large portion of which sum might have 
been kept in India had the iron manufacture proved a practical 
success. 
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Amount imported by the Slate' 


Tons. Cwt. 

1873- 74 117,430 9 

1874- 75 »1,829 4 

1875- 76 60,247 

1877-78 201,658 9 


The following* statements of the average prices of English ])ig iron in 
the Calcutta market for the last 30 years will convey some rough idea 
of the price at which the same article ought to he produced in India in 
order to hold its own. The average cost of No. 1 iron, it is to he under- 
stood, ranges from Rs. 8 to Rs. 20 above the figures givcm helow^ which 
are for all qualities or numbers combined 
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Averages for periods 
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62*4 


4^*8 


47*6 


The average value for the whole period is, therefore, Rs. 46*7. 
Madras. — The following abstract of information regarding Madras 
iron ores was drawn up before a copy of Dr. Balfour^s report on the 
subject became accessible to the writer. It has not been convenient to 
re-cast or increase what has been written, so that for information on some 
minor details, and regarding some districts not mentioned below, refer- 
ence should be made to that report.^ 

Travancore State. — There does not appear to be any accessible 
information on the subject of the iron ores and manufacture of iron in 
Travancore, but it may not be out of place to refer to a paper by 
Mr. J .A. Broun, E.R S.,^ on the magnetic properties of the magnetite-bear- 
ing rocks in that State, as it is a contribution to the natural history of an 
ore, the development of which in India is on a scale of, probably, 
unequalled magnitude. The observations were made on the Moocoonoo- 

» Supplement to Gazette of India, 1878, p. 1627 j and 1879, p. 763. 

® Madras, 1855. 

® Report of British Association, Oxford, 1860, Sections, p. 24. 
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malley hill, round the base of which there is laterite ; but the main mass 
of the hill is formed of syenites and granites with magnetite. The 
following were the conclusions arrived at 

(1) The rock fragments have determinate magnetic axes; 

(2) Broken fragments resemble broken magnets showing op- 

posite polarities at the two surfaces of fracture ; 

(3) The magnetic axis varies from place to place within small 

distances ; 

(4) The action of the whole hill on magnets freely suspended at 

moderate distances is nearly imperceptible, the opposite 
directions of the magnetic axis in the rocks rendering the 
total action nearly zero ; 

(5) As in some cases the north end of the magnetic axis was 

found to the southward, we cannot suppose that the mag- 
netism of the small magnets has been due to the inducing 
action of the earth in their present position, or since the 
rock mass became solid ; 

(6) The directions of the magnetic axis have no relation to the 

lines of division (joints) of the rock masses ; 

(7) The magnetic force of the rock masses varies with tempera- 

ture like that of steel magnets. 

Madura District. — Iron ores are said to be very generally distri- 
buted throughout this district. Formerly, according to Mr. Foote/ ores 
obtained from beds of lateritic conglomerate used to be smelted in some 
quantity, of which large heaps of slag scattered over the country afford 
evidence ; but the industry is now extinct. Only one deposit of mag- 
netic iron was seen. It is situated in gneissic rocks, about a mile north- 
east of Mallampatti, a village in the Pudukotai State, 19 miles north- 
west by north of Pudukotai. The outcrop was badly seen, but the debris 
from it was abundant. 

In the Madura District ManuaP it is stated that iron ores occur 
near Kottampatti, and in the Sivagangei zamindari and in villages near 
the bases of the mountains. The Tenkarei country was noted for its iron 
ore. 

Trichinopoli District. — Mr. H. Blanford,^ in his description of the 
cretaceous rocks of Trichinopoli, mentions that they contain ferruginous 
nodules, which were formerly smelted, as is proved by mounds of slag ; 
but owing to the scarcity of timber the industry is now almost, if not 

' Records, G. S. I., Vol. XII, pp. 147-157. 

2 Page 29. 

3 Mem., G. S. I., Vol. IV, p.216. 
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altog^ethor, extinct, and the people obtain their supply of iron fyom the 
adjoining* Salem district. 

Magrietic ores occur, it is believed, in the northern parts of Trichi- 
nopoli ; but these are of trifling importance and extent as compared with 
those of Salem. 

Coimbatore District. — The iron industry in this district appears 
to offer no points for special remark. Some information on the subject 
will be found in Dr. Dalfour’s report, and Dr. Buchanan appears to have 
visited some parts of the district and described the furnaces. The prin- 
cipal ore is magnetic sand. 

Salem District. — The development of magnetic ores in the Salem 
district is among the most remarkable facts connected with the geology 
of India, whether the extent, thickness, or number of the beds be consi- 
dered. Messrs. King and Foote have given an account^ of their distri- 
bution, and for convenience of description they divide them into groups 
as follows : — 

Id . — The Godumallay group, east and north-east of Salem; 

Sfid. — The Tullamullay Kolymullay group ; 

3rd . — The Singiputtay group ; 

4tk . — The Tirt4imullay group ; 

5i/i. — I'he Kunjamullay group. 

Owing to the persistency of the beds over long distances, they often 
rifford an admirable clue to the geological structure of the region. In 
some cases they form the culminating ridges of ranges of hills. They are 
occasionally from 50 to 100 feet thick, and where steeply inclined or 
vertical, an enormous extent of ore is laid bare to view in cliffs and pre- 
cipices which are several hundreds of feet high. The quality of the ore 
varies a good deal, and it is sometimes much mixed up with quartz. Ore 
is however, in short, to be obtained in this region of the best quality, 
and in quantities to be estimated only in thousands of millions of tons, but 
the scarcity of fuel is the great drawback to its being made available. 
The natives obtain ore either as sand on the surface or from shallow pits- 
It is not quite clear from the accounts available whether woofz was 
manufactured to any great extent from these ores, but the probability is 
that it was. 

In the Appendix to Messrs. King and Foote’s report there is a very- 
full account of the Kunjamullay ores, which is illustrated by a plan, 
elevation, and view, to which the reader is referred for further informa- 
tion. Even the native manufacture was decreasing from various causes 


> Mem., G. S, l.,.VoL IV, pp, 57, 152, 379.. 
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when they wrote, and tlie imports of English iron into the Trichinopoli, 
Salem and adjoining districts was increasing. 

Porto Novo. — Although Porto Novo is situated in South Arcot it 
may he most conveniently referred to here, as the iron ores which were 
used at the furnaces there were obtained in Salem. The large demand 
for Indian steel in England led to the formation, in the year 1833, of a 
Company called the Indian Steel, Iron and Chrome Company, by Mr. 
Heath, who obtained a Government advance for the purpose in 1825. 
It is stated that this company produced excellent steel, and, in order that 
it should reach the market free from any defects which might injure its 
reputation, they had an establishment at Chelsea, through which it was 
tested and passed before being sold. Having succeeded, they disposed of 
the Indian works and established themselves in Caermarthen, where they 
manufactured a superior quality of charcoal iron. 

The leasehold rights of the company, which were acquired by another 
company, extended over four districts, namely, South Arcot, Coimbatore, 
Malabar, and South Canara. Foundries were set up at Porto Novo to 
work the Salem ore, at Palampati near Salem, and at Bepur in Malabar, 
where the ore was latcrite. 

Mr. Sowerby gives an account of a visit which he paid to the Porto 
Novo works in 1859. He states that the iron ore had to be brought from 
many miles distant in the interior, and owing to all the jungle having been 
cut down, and the land cultivated, the charcoal had to be brought from a 
distance of 25 miles. The flux was prepared, he believed, from sea-shells. 
The principal work done had been in castings, but some pig had been 
sent to England and had commanded a good price for conversion into 
steel, and a large quantity of it was used in the construction of the Bri- 
tannia tubular and Menai bridges. The iron would, it is said, have com- 
manded a good price had the supply been regular, but it rarely realised 
more than from £7-10 to £9 per ton, while Ulverstone iron, which was no 
better if even so good, sold for from £10 to £12. There were difficulties 
about shipping it, and at the time of his visit there w£is a large stock of 
pig on hand. The furnaces were seldom, from one cause or another, at 
work for more than four months in the year, and the cost of management 
alone was thus raised from 1 0 shillings to 30 shillings per ton. Altogether 
the company appears to have never declared a dividend, and the concern 
was a steadily losing one. 

About this time (1859) however, at a meeting held in Sheffield,^ the 
value of Indian pig for steel manufacture was discussed. There had been 
some prejudice against the use of any description of pig whatever for 

* Engineers’ Journal, Calcutta, Vol. 11, p. 274, 
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steel, but this had been overcome. Mr. Brown, after various 
trials and oxperinionts, had come to the conclusion that iron, as produced 
for file purposes, from Indian pig, was superior to any other in England, 
and tliat it had been proved to be superior to ordinary marks of Swedish 
iron for steel purposes. One manufacturer had bought over a thousand 
tons of Indian pig for railway tyres. The Chairman stated that he had 
been the first to make steel from Indian pig, and from that time it had 
been steadily making its way. He added his conviction that India would 
ultimately become one of the largest sources from whence Sheffield would 
draw her supplies of raw materials. The price at the time in the 
London market was then only £6-10, while ordinary English pig, it may 
be added, was selling in Calcutta at about Rs. 56-2-8. 

It is to be remembered that the above pig was from Porto Novo, not 
from Bepur ; having been made from magnetic iron ore, it was especially 
applicable to the manufacture of steel ; but it may be doubted whether that 
which was sold at £6-10 ever repaid the cost of production and carriage. 

Arcot Districts, North and South. — Iron ores are said to be 
abundant in South Arcot, in parts of the Trinomalai taluk, where the 
Porto Novo Company^ had a factory. They also occur on the Kalrayan 
hills, particularly on the sloj^es below Chiima Tripatti, also near Ponpa- 
rappi and Ravatnallur.'-^ 

Heyne^ described the manufacture of iron at Zeragutty, near Satghar 
in Arcot, from what he believed to be titaniferons magnetic iron sand ; 
the chief feature to be noticed in his account is the careful way in which 
the proportions of ore and chanjoal seem to have been fed into the fur- 
nace ; nine seers of sand produced five seers of iron, which must be re- 
garded as a large percentage. 

Malabar District. — Dr. Buchanan^ during his famous journey 
through Mysore, Canara, and Malabar, noted several places in the last 
mentioned where iron ores occurred, and were worked. It is probable that 
some of these are no longer included within the restricted limits of 
the modern Malabar, but it will be sufficient to mention them here as 
they are referred to. At Colangodu there were four furnaces, in which 
black magnetic sand was used as an ore. At Velater there were 34 fur- 
naces which belonged to a Mopla. The ore was derived from the very 
laterite which suggested to Dr. Buchanan the name. Being cut into 
bricks for building, the term lateritls suggested itself to him as an 

* StAcctions from Records, Government of India, Vol. XXVI, p. 54. 

^ South Arcot District Manual, p. 373. 

^ Tracts, p. 189. 

< Journey, Vol. II, pp, 386, 436, 494, 502. * 
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appropriate title. This ore had to be prepared by washing in a trough^ 
open at both ends, which was placed in a running stream. This washed 
ore was, perhaps, largely magnetic. The furnaces, of which admirable 
sections and elevations are given by Dr. Buchanan, were excavated in 
mounds of clay, 5 feet 4 inches high in front and 4 feet behind, and 
about 7 feet wide from front to back. The excavation for each furnace 
was 2 feet 11 inches wide and ^ feet deep, and was dug down from 
the top of the mound to the bottom; an arched cavity at the back, 
with a hole at its base, was then made and the structure surmounted 
with a chimney. The charge of ore was 2,160 lbs. and of charcoal fuel 
1,890 lbs., of which some was not consumed during tfie 24 hours while 
the furnace was in blast; the yield of iron was from 246 to 384 lbs., 
or from 1].^ to 17^^ per cent., according to the success of the opera- 
tions. It was of the usual character and was partially malleable though 
brittle. The bellows were leather bags, 18 inches high and 9 inches in 
diameter. One man worked a pair by clasping the slit flaps at the top ; 
by alternately raising and depressing the bags the air was driven through 
a nozzle common to both bags. Each furnace required two pairs, and each 
pair required two men in order to relieve one another. The iron was 
sold at the rate of 7 shillings 7J pence per cwt,, and the profits were 
considerable. 

Several other furnaces are also alluded to as having been seen in this 
region. It now remains to notice an attempt to establish iron works on 
the English system at Bepur. 

Bepur or Besrpur. — As already stated in the description of the 
Salem district, Mr. Heath^s concession included permission to establish 
iron works at Bepur. Unfortunately, no succinct account of the opera- 
tions appears to be available, and the following detached facts have been 
culled from different sources. The first works which were established 
commenced operations in the year 1833; * how long they continued is not 
known, but there appear to have been a succession of companies whose 
object was to establish the industry. The ore used was, it is believed, 
derived from the local laterite. In 1857^ the Gun-carriage Department 
reported favourably to the Home authorities on the iron for their pur- 
poses, hut* in 1859 the works were in a bad way, as Mr. Sowerby* 
states that he had received a letter offering the whole of the machinery 
for sale to the Kumaun iron works. Deficiency of fuel was supposed 
to be the cause of failure ; there were no roads by which it might he 

* Standing Information of the Madras Government, 1879, p. 229. 

“ TThornton’s Gazetteer of India, Art. — Beyp^, 

3 Selections from Records, Government of India, No, XXVI, p. 52. 
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brought from the inland forests, where timber was abundant, and conse- 
quently it was actually imported from Ceylon. Mr. Sowerby ^ met in 
Styria certain returned German workmen, who attributed the failure to 
another cause. They said it was too hot for them to work, and that it 
was impossible to get naked savages to do such work as puddling ; if they 
themselves left for a few moments all went wrong and the natives 
would fall asleep. Mr. Sowerby thought that Englishmen would have 
done better. Subsequently, in 1861, the puddling appears to have been 
superseded by the introduction of a Bessemer^s converter, but the resus- 
citation was onlj^ temporary and the works have been closed for some 
years. 

Nilgiris District. — Iron ores occur in some abundance on the plateau 
and spurs of the Nilgiris. They appear to have been first described by 
Dr. Benza, in 1836.^ Subsequently, Mr. 11. F. Blanford,^ in his geologi- 
cal report, gave an account of their leading characteristics. Haematite 
and specular iron are more common at the surface than magnetite, but 
from their mode of occurrence as bands in the gneiss and parallel to the 
bedding it seems probable that they were originally magnetite, which 
has become altered by atmospheric agency. 

The most important masses of iron ore occur above the village of 
Karrachola, 1 ^ miles west of Kotagiri, and on a small spur of Doda- 
betta overlooking the Dhobi^s village. At Jackatalla pure strings of 
haBmatite occur interfoliated with the gneiss. Charcoal fuel is too scarce 
on the hills to make it possible that by its means the ore could be 
smelted. It may yet come to pass that the Nilgiri peat or the charcoal 
made from it may be made applicable to this purpose. Dr. Percy, in his 
work on Fuel, ^ discusses the question of the suitability of peat for metal- 
lurgical purposes, and mentions that peat charcoal had been so employed at 
Josefstadt in Austria, though he does not recommend its use, and states 
that the practicability of making good peat charcoal economically has 
still to be decided by experience. 

In various parts of the Nilgiris decomposition of earthy iron ores have 
given rise to oehreous deposits suitable for pigments. 

Mysore. — Dr. Buchanan makes frequent allusions to the manu- 
facture of iron in different parts of Mysore, and gives detailed accounts 
of the process.® The special interest of these is that they include the 

’ Enfrineers* Journal, Calcutta, Vol. IV, p. 23. 

- Madras Jour, of Lit. and Sci., Vol. IV, p. 249. 

Mem., G. S. I., Vol. I, pp. 219, 248. 

* London, 1875, p. 512. 

* Journey through Mysore, &#., 1807, Vol. I, pp. 29, 30, 32, 170, 175, 179; and Vol. II, 

p. 16. 
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earliest descriptions of tte manufacture of steel. The localities where there 
were furnaces were Venkatagiri and Ghettipura, two coss from Magadih. 
Here steel was manufactured and also in several places in the following 
taluks: Madhu-giri, Chin-Naraj^an-durga, Hagalawadi^ and Devaraya- 
Durga. In the hrst two the iron was made from black sand, which the 
torrents, formed in the rainy season, brought down from the rocks. The 
furnaces in the Chin-Narayan-durga taluk were on a small scale, the 
charge of ore being 42^ pounds, from wliich about 47 per cent, of metal 
was obtained ; work was carried on for only four months, the smelters 
taking to cultivation during the remainder of the year. The stone ore 
was smelted in the same way as the iron sand, but the latbn*, it is said, 
was alone lit for manufacturing into steel. There were in this vicinity 
five steel forges, four in the above taluk and one at Devaraya- Durga. 
The furnace, of which a figure is given hy Buchanan, consisted of a 
horizontal ash-])it and a vertical fire-place, both sunk below the level of 
the ground. The ash-pit was about three-fourths of a cubit in width and 
heigdit, and was connected with a refu.sc-pit, into which the ashes could be 
drawn. The fire-place was a circular pit, a cubit in diameter, which was 
connected with the ash-pit, being from the surface of the ground to the 
bottom 2 cubits in depth. A seriicn or mud wall, 5 feet high, protected 
the hello wsman from heat and sparks. The bellows were of the ordinary 
form, a conical leather sack with a ring at the top, through which the 
o[)erator passed his arm. 

The crucibles, made of unbaked clay, were conical in form and of 
about one pint capacity. Into each a wedge of iron and three rujiees 
weight of the stem of the Cassia auricula ta, and two green leaves of a 
siiecies of Convolvulus or Ipomcea were put. The mouths of the crucibles 
were then covered with round caps of unbaked clay, and the junctures well 
luted. They were then dried near the fire and wore ready for the furnjice. 
A row oB them was first laid round the sloping mouth of the furnace \ 
within these another row was placed, and the centre of the dome, so 
formed, was occupied by a single crucible, making fifteen in all. The cru- 
cible opposite the bellows was then withdrawn, and its place occupied by 
au empty one, which could be withdrawn in order to supply fuel below. 
The furnace being filled with charcoal, and the crucibles covered with 
the same, the bellows were plied for four hours, after whicli the operation 
was completed. When the crucibles were opened the steel was found 
melted into a button, with a sort of crystalline structure on its surface, 
which showed that complete fusion had taken place. These buttons 
weighed about 24 rupees. There were thirteen men to each furna»ce, a 
headman to make and fill the crucibles, and four relays of three men each. 


X 
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one to attend the fnrnace and two for the bellows. Each furnace manufac- 
tured 45 pagodas worth, or 1,800 wedges of iron, into steel. The net profit 
was stated to be 1,253 fanams, but into the further details as to cost it 
is not perhaps necessary to enter. The total production of steel in this 
vicinity was estimated to be 152 cwt., or about £300 worth per annum. 

Dr. Buchanan* gives details regarding the production at many other 
localities, but it would be useless to enumerate all these, although they 
present some differences, especially in the statements made by the 
operatives as to outturn, prices, &c. The principal sources of the ores 
were the magnetic sand found in rivers, and the richer portions of the 
laterite. 

The next account of the manufacture of iron and steel in Mysore 
is by Dr. Heyne,'^ who witnessed the process at a snc^ll village among the 
hills south-west of Chitaldrug, in the Salem district. The nature of 
the ore is not quite clear from his description, but apparently it was an 
ochreous limonite, not magnetic. The iron bloom having been manu- 
factured in the usual way, it was refined and cut into thirteen pieces, each 
weighing 2 pounds, and was sold at the rate of one maund (=27 lbs.) 
for Rs. 2. These pieces were cut into three, each of which were 
placed separately in a crucible together with a handful of the dried 
branches of ianghedu {Cassia auriculata), and another of fresh leaves of 
vonangady [Convolvulus laurifolia), and closed up with a handful of 
red mud. The melting then proceeded, as above described by Dr. 
Buchanan, the operation lasting six hours. The upper surfaces of the 
resulting buttons of steel were often striated from centre to circum- 
ference. Although the metal had lost one-fifth of its weight, no scoria 
was discernible. The sale price was the equivalent of 10^. for 27 
pounds. Sometimes the buttons were heated and hammered into bars 
of 4 or 5 inches long. The stones used in the construction of the fur- 
naces were refractory magnesian schists or pot stones called ballapam by 
the natives. 

Dr. Heyne also saw steel made at Kakerahally, on the road from 
Bangalore to Seringapatam. In this case the iron was made from magnetic 
sand, but he adds that it appeared to be immaterial what kind of iron was 
used in the manufacture, and that therefore a factory might be estab- 
lished at Madras or any other port. He attributes the fusion of the 
steel to the exclusion of atmospheric air from the crucible, and the use 
of fresh vegetables instead of charcoal. From the action of dilute 
nitric acid, which only left a white mark on the iron, he concluded that it 

' L, r., Vol. IJ, pp. 35, 188 ; and Vol. Ill, pp. 360, 361, 364, 378, 424, 425, 433 

• Tracts, 1814, p. 358, 
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was not steel, as he had at first supposed. Other writers, especially 
Captain Campbell,^ have explained the fusibility hy the fact that the 
native iron, when refined, is, in part, really in the condition of steel. 
According to some authorities the leaves of the Madar (Calairopis 
tea) were, when obtainable, preferred to those of the Convolvulm. 

Dr. Heyne quotes a letter from Mr. Stodart, an eminent instrument- 
maker in England, who stated that the wootz, in the condition in which 
it arrived from India, was not fitted for fine cutlery, owing to its 
inequality and impurity, but by careful manipulation it was possible to 
equalise it and bring it to a condition in which it was superior to Eng- 
lish cast-steel. The trouble and expense of a second fusion would 
militate against its introduction into England, but if its manufacture 
were improved in India, he believed it would be a considerable source of 
revenue to that country. He had then a good supply of wootz by him, 
and he stated that on the whole the steel of India was the best he had 
met with. The following information is taken from the Gazetteer of 
Mysore and Coorg. 

Tumkur District. — Iron ore is said to be abundant in the Chikaya- 
kanhalli hill, and is obtained in the quarries at Dorc Gudda. Yellow 
oehre, which is obtained there also, is used as a pigment. Magnetic sand 
is brought down by streams from the rocks in Madgiri and Kostagiri. 

Mysore District. — Iron ores, though abundant in the rocky hills 
throughout tliis district, are only worked in the Heggaddevankote and 
Mai villi taluks; in the latter the mines are situated in the Shravana hills, 
near Tippur. The smelting furnaces are at Hulgur and Husgur ; the 
outturn of iron ranges from 1,600 to 3,000 maunds per annum, of which 
about half is exported. 

Magnetic ore is highly esteemed by the natives for medicina} uses, and 
drinking out of a cup made of it was one of the prescriptions com- 
mended to the late Raja by the native physicians for prolonging his life. 
It is believed that milk, if boiled in such a cup, will not flow over. 

Shimoga, Kadur, and Ohitaldrug Districts.— In the Shimoga 
district iron ores are worked in some parts and magnetic ore occurs at 
Kodachadri. In Kadur, iron ore is largely obtained and smelted along 
the hills east of the Baba Budan and those round Ubrani. Iron ores, 
probably haematites, form ranges of hills near Chitaldrug. An attempt 
has been made, with reference to the province of Mysorj, to draw 
up a table showing the number of mines and furnaces the quantity and 
value of iron manufactured and exported during the past twenty years; 
and for this purpose the Annual Administration Reports have been gone 


* Cal. Jour. Nat. Hist., Vol. Ill, p. 397 ; and Jour. As. Soc. Bengal, Vol. XI, p 217. 
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through, but the details are too incomplete. For several years there is 
no iuforrnation, and in some the outturns are apparently in local maunds, 
in others in British maunds, without being respectively distinguished ; 
while some ol* the other figures are obviously not to be relied on ; but 
some few facts apparently point to the conclusion that the production of 
iron in Mysore has diminished by nine-tenths. In 1860-61, the value of 
1,200 tons smelted was stated to be Bs. 2,50,000, while in 1878-79 the 
value of the iron was only Bs. 21,400, or, when manufactured into saleable 
articles, Bs. 67,644. In 1866-67, 908J tons of iron were smelted includ- 
ing 336 tons converted into steel. In 1864-65 proposals were set on foot 
to establish foundries for steel in the Bangalore district, but it is not known 
whether these came to anything. The decadence does not appear to have 
been steady; but it is incredible that in the years between 1872 and 
IS 75 there were upwards of 1,400 mines. The royalties in these years 
on the manufacture exceeded Bs. 8,000 per annum. In some of the 
returns the weights in maunds ! of gold, iron and building stone are 
lumped together. 

Chingleput District : Madras. — So recently as the year 1874, a 
company was formed, it is believed, in Madras to work the iron ores of 
the neighbourhood, but how far the intentions of the promoters were 
carried out is not known, nor is there any information available as to the 
nature of the ore which it was intended to use ; not improbably it was 
derived from the laterite. In fact the only information before the writer 
is a letter from Captain Taylor,^ in which he i)uts forward his opinions 
as to the best means of making the Napier foundry a paying concern. 
He specially insists upon the necessity of producing bar-iron, mention- 
ing that 12,000 tons of Welsh bar, representing a value of 18 lakhs 
of rupees; are imported annually into Madras. He considers that the 
Casuarina plantations would be capable of supplying fuel for twenty years, 
but that beiore that time Godavari coal, at Bs. 12 to Bs. 15 a ton, or 
Nilgiri compressed peat, would probably be available. His other remarks 
refer to the introduction of the hot blast and the best form of furnaces, 
&c., subjects which need not be further alluded to here. 

Kadapah and Kamul Districts.— In these districts, which may 
most conveniently be treated of together, iron ores occur in great abun- 
dance, being found in both of the groups of rocks which bear the same 
names as •the districts. The ore generally worked belongs, however, 
principally to the Kadapah series ; it occurs in layers among the beds or 
in veins, strings, or nests.® 

* Indian Economist, Vol. VI, p. 131. 

* 0. A. E. Oldham and W. King. Mem:, G. S. 1., Vol. Vlll, p. 277 ; and Kadapah 
Manual, p. 26. 
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A series of iron-smelting* villages lie along the eastern side of the 
Khundair valley from Nundialhimpett northwards near Chintalcheroo 
(8 miles north of Dhoor). At a small village called Colapetta there were 
ten furnaces. The ore used was a somewhat silicious haematite brought 
from the hills to the east ; the iron was worked up on the spot into agri- 
cultural implements. Several furnaces were also in oj)eration at Yerra- 
goontlacotta in the Chittavail (or Rajampett) taluk ; here the ore from 
the Kadapahs is mixed with alaterite ore. In the Rachuti and Cullcudda 
taluks, near Madicheroo, Nerahyle, and Chintacoonta, iron was manufac- 
tured to a small extent, the ore being brought from the hills to the east. 
In other parts of the district there were also furnaces, and itinerant 
blacksmiths, carrying with them the implements of their trade, wandered 
over the district seeking for emjdoyment. 

In the Karnul district the best ore is found in the Gunnygull range, 
to the south of Karnul town, the rocks forming which include large veins 
of pure specular ore in conjunction with lines of fault. A great isolated 
mass of almost ])iire specular ore rises out of the base of the northern 
slopes, hut its precise mode of occurrence is concealed. South-east of 
Ramulkotji, on this northern flank, there are altered quartzites, which are 
highly imj)regnated with iron, and specular ore occurs there also in great 
abundance along lines of fault. Scarcity of fuel prevents these valuable 
ores being largely used. 

Ferruginous quartzites crop out all along the western flatiks of the 
Nullamullays from some distance north of Nuiidcalliirn}>ett up to oppo- 
site Nundial. The principal smelting villages are Bachapilly, Roodrar, 
Seriimpoor, Kuddanial-ciilwa, and Galchiiipollarn. At Roodrar the scIU 
ing price of the wrought-iroii was Rs. ll for 9 Ihs. weight, 

A very admirable paper by Mr. W. P. Wall’ enters fully into the 
details of the cost (vf production of iron at Roodrar and the neighbouring 
villages, and clearly shows the waste of labour and material involved 
in the production of the iron, which, however, was sold at the rate of 
about £*2f) per ton. 

Mr. Wall makes various suggestions as to the methods by which 
labour might be economised and the production increased, more especially 
by the employment of water power to produce the hhist. He states that 
in parts of Madras, where English iron cost about £10 per ton, the 
native-made could command £23 owing to the superior facility with 
which it could be worked. 

Bellary District. — Beyond somewhat vague statements, that iron 


Madras Jour, of Lit. and Sci., Vol. XX, new HtTics, p, 299. 
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ores are abundant in this district^ there appears to be but little information 
available. Some of the ores are said to be mang-aniferous. 

Nellore District. — Mr. R. B. Foote,* in his report on the East,ern 
Coast Region, states that there are two groups of magnetite beds, which 
he has named the Ongole and the Gundlakumma. They appear to include 
some rich deposits, but are somewhat variable in quality ; they occur 
interbedded with metamorphic rocks. 

In the Nellore Manual ^ there is a somewhat detailed account of the 
iron manufacture in the various taluks which compose the district. The 
industry, though holding its own in some places, is in others yielding to 
competition. Steel does not appear to be manufactured. 

Kistna and Godavari Districts. — The manufacture of iron in 
these districts has attracted notice for many years, and two of Dr. Heyne^s 
Tracts^ refer to the manufacture of iron at Lutchmiporum and Raman- 
kapetta. Mr. W. T. Blanford'^ has described furnaces which he saw in 
operation at Polaram and Cbitapurn. Mr. King ^ states that the prin- 
cipal sources of iron arc the sandstones of Golapilly, Tripati, and Rajah- 
mahendri, especially the latter. 

Hyderabad. — Certain tracts in the Hyderabad or Nizamis territory 
have long been famed for their iron ores and the metal produced from 
them. The steel mines of Nirmal in the Subah Berar, which are men- 
tioned in the Ain-i-Akbari,^^ ^ were not improbably identical with those 
about to be described. The mode of occurrence of this ore has been described 
by Malcolmson.'^ The minute grains or scales of iron are diffused in a 
sandstone-like gneiss or mica schist passing into a hornblende slate. 
These rocks are excavated with crow-bars and then crushed between stones ; 
if hard, this is done after a preliminary roasting. The ore is then separated 
from the powdered rock by washing. This was at a village called Dimdurti, 
but the process of manufacture was the same as that at Kona Samundrum, 
12 miles south of the Godavari and 25 from Nirmal, which has been 
described by Dr, Voysey.® The furnace was made of a refractory clay 
derived from decomposed granite, and the crucibles are made of the same, 
ground to a powder, together with fragments of old furnaces and broken 
crucibles kneaded up with rice-chaff and oil. He states that no charcoal 

‘ Mom., G. S. I., Vol. XVI, p. 17. 

^ Pago 63. * 

^ Pages 218 and 226. 

^ Pocords, G. S. 1., Vol. IV, p. 11-1; and Vol. V. p. 20. 

‘ Mem., G. S. 1., VoL XVI, p. 255. 

* Gladwin’s Translations, Vol. II, p. 69. 

' Transactions, Geological Society, London, new series, Vol. V, p. 546. 

‘ Jour, As. Soc. Bengal, Vol. 1, p. 245 ; and Vol. II, p. 402, 
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was put into the crucible, but some fragmeut&of old glass slag were. A per- 
foration was made in the luted cover. Two kinds of iron, one from Mirta- 
palli and the other from Kondapur, were used in the manufacture of the 
steel. The former was made from magnetic sand, and the latter from an ore 
found in the iron clay (? laterite), 20 miles distant ; the proportions used 
of each were as 3 to 2. This mixture being put into the crucible in 
small pie<ies the fire was kept up at a very high heat for 24 hours by 
means of four bellows and was then allowed to cool down. Cakes of 
steel of great hardness, and weighing on the average were taken 

from each crucible. They were then covered with clay and annealed in 
the furnace for 12 to 16 hours, then cooled, and if necessary the anneal- 
ing was repeated till the requisite degree of malleability had been obtain- 
ed, The Telinga name for this steel was wootz and a kurs or cake of 
it, weighing 110 rupees, was sold on the spot for 8 annas; the daily 
produce of a furnace was 50 seers, or in value Rs. 37. 

A Persian trader from Ispahan was in the habit of going backwards 
and forwards with the steel ; while making his purchases he personally 
superintended the operations, weighing the proportions of iron, and testing 
the touglmess of the steel himself. He told Dr. Voysey that in Persia 
the same j)rocesses had been tried, but the same quality of steel could 
not be produced from the ores there. As usual the jaghirdar by his 
exactions was doing his best to crush out the industry. 

As will have been observed there are several remarkable differences in 
the preparation of this renowned wootz from that manufactured elsewhere ; 
especially notable is the degree of heat attained. Dr. Voysey estimated it 
to be 130^' of Wedgewood, and further states the result of different experi- 
ments; 25 rupees weight of steel, which had not been submitted to the last 
operation, was fused in three hours into a button of hard steel, while frag- 
ments of different rocks, granite, hornblende-schist, aud basalt were fused 
either into glass or porcelain. The furnaces themselves, which were 4 or 5 
feet high and 5 feet in diameter, became semi-vitrified and had to be 
frequently renewed. 

Malcolmson remarks that the ore of this locality must be of excep- 
tional quality, as otherwise it could not have retained its reputation as the 
best material for Damascus blades, in spite of its remote situation in an 
unsettled country. He attributes it to a comparatively large proportion 
of protoxide of iron being present ; he failed to find evidence of the exist- 
ence of titanium. 

Dr. Walker^ briefly describes the ores and manufacture of iron of 
Hunumkondah in a paper on the productions of that taluk. The ore is 
^ Indian Review, Vol. VI, p. 563, 
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magnetite^ and the iron was purchased by the merchants for Rs. a 
rnaund and was sold at a somewhat higher rate. 

Two other papers by Dr. Walker* contain further information as to 
the iron ores of Hyderabad. In the Warungul Circar, titaniferous 
ore is found abundantly in the nalas; hsematite is found scattered over 
the surface near the fort of Warungul, but was not worked. Yellow and 
red ochre, which were used by the people for ornamenting the walls 
of their houses, were also obtainable. Extensive smelting of an ore 
found in the parganas of Kullur and Anantagiri was carric'd on. An 
ore found wherever laterite rested on trap was obtained in the Elgundel 
and Maiduck circars, and was easily mined. There were furnaces for 
its reduction at Tutapelly and Nizamabad in the former, and Lingumpilly 
in the latter. He states that it was this iron which was used in the 
raanufaetture of the Nirmal steel, but as we have seen above, from 
Dr. Voysey^s account, a mixture of two kinds of iron were used for the 
purpose. 

Vizagapatam District. — Information regarding the mode of oc- 
currence of iron ores in the Jaipur or Jeypur State, and other hilly por- 
tions of Vizagapatam, is not very complete. A lode containing a large 
amount of iron ore on a line of fracture in the rocks of the Karniil scries ? 
at Chitra — lat. 19” 4' ; long. ; 30', about 12 miles to the south-east of 

Kotpad, was examined by the writer. It had been extensively mined, a 
deep trench having been opened along the outcrop for a distance of nearly a 
mile. The ore formed the matrix of a breccia, and appeared to be a rich 
brown hfematite. Most of the other ores which are or have been worked in 
this region are not improbably derived from laterite. The metal exported 
to the plains, according to the Vizagapatam Manual,'*^ is in the kachc/ia 
or unrefined state, the retail price being only a rupee a maimd ; but at 
Madgole, lat. 18” 2' ^ long. 82° 30', tvootz or steel of fmc quality is said to be 
manufactured. The average annual imports of European iron into Viza- 
gapatam for five years preceding 1809 exceeded 150 tons per annum, so 
the local supply must be inconsiderable. 

The following is a list by Lieutenant J. Vertiie,^ District Engineer of 
th(^ places nearest the plains where iron ores occur : Dzorapukonda, 20 
miles from Narramapatam, quarry ; between Dzorapukonda and Lohar- 
giidii, no quarries ; Bhittarilotsa, 12 miles from Narrainapatam, a good 
quarry ; Gumraidikonda, 15 miles from Narrainapatam, a good quarry ; 
Riga, 10 miles from Narrainapatam, abundance of ore. 

1 Madras .lour, of Lit. and Sci., Vol. XV, p. 222; and Vol. XVI, p. 182. 

* Pap* 164. 

Madras Jour, of Lit. and Soi., Vol. XXI, p. 271. 
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Orissa. — The earliest reference to the manufacture of iron in Orissa 
dates back to 1 708. It is by Captain Hamilton/ who says that iron was 
so plentiful at Balasor that anchors were cast there in moulds, but that 
they were not so good as those made in Europe, It is not stated by 
whom the process of working in cast-iron was introduced, but there were 
there at that time factories belonging to the English^ Dutch, and French. 
In all probability this was the first locality in India where the manu- 
facture of iron by the English method was introduced. That the metal 
was not imported is distinctly implied by Captain Hamilton's remarks. 

In 1839 Lieutenant Kittoe ^ reported on •the coal and iron of the 
Talchir and Ungul States. The iron from these States, and those adjoining, 
used to supply the markets at Cuttack and Berhampur. Tlie metal varied 
in quality very much, some of it being malleable, while much of it was 
coarse and brittle. In 1855 Mr. Samuells^ briefly described the process of 
iron manufacture practised at Kankerai, in Ungul ; the refined iron, which 
was of good quality, was sold in the Cuttack bazaar for 8 seei*s per rupee. 
Analyses of samples of ore forwarded by him were made by Mr. Pidding- 
ton. The Kankerai ore contained 46’8 per cent, of iron, and another from 
Pal-lahara contained 47 per cent, with a small quantity of manganese. 

In 1879 Dr. Oldham published a memorandum on the coal and iron 
of Orissa as an introduction to the report on the Talchir coal-field by 
Messrs. Blanford and Theobald,** A detailed account of the native pro- 
cess is given, which resembles in its general features that in practice all 
over the country, of which a typical case will be described under the head 
of Palamow. The resemblance is pointed out in the details of the process 
to that which was in practice formerly in England, as described by Dr. 
Plot in his Natural History of Staffordshire. 

The ores used in Talchir vary. Sometimes ironstone shales of the 
Baiakar or coal-measure group are employed ; sometimes concretionary 
masses found in the detritus of the upper groups ; nodules of laterite are 
also sometimes used. 

Altogether the system of manufacture of iron in the Orissa Tributary 
States is on a very rude and petty scale. The furnaces are exceptionally 
small, and the charcoal is prepared by cutting down a tree, setting fire to 
it, and after it is partially consumed quenching the flames and simply 
knocking off the charcoal from the half-burnt log. The slags from the 
furnaces generally retain at least 40 per cent, of iron. 

* A new Account of the East Indies, Vol. T,p. 392. 

^ .lour. As, Soc. Bengal, Vol. YIIl, p. 144. 

^ Idem., p. 250. 

^ Mem., G. S. I., Vol. 1, pp. U and 85. 
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There does not ap])oar to be any gorxl ground for sui)posiiig that Orissa 
offers any advantages over raany other localities for the introduction of 
an improved system of iron manufacture. 

Birbhum District. — The history of the attempts which have been 
made to establish iron-mining on the European system in the district 
of Birbhum is a long one, dating back so far as the year 1777. It fully 
supports the truth of the old adage that history repeats itself. The same 
sanguine hopes, the same attempts to carry on work in spite of discour- 
aging circumstances, the same failures and the final loss of expended 
(*apital, are recorded in "the accounts of each attempt. In so far as 
reports by experts are concerned there are a good number of them. 

The first application to work the mines of Birbhum by an improved 
system was made in 1774 by a native, Indarnarain Surma, who offered 
terms to the Government through the Bardwan Council, which it was 
not likely he would ever have been able to fulfil, as they involved, after 
the fourth year of occupation, the payment of a rent of Rs. 5,000 per 
annum. ^ Though the offer was accepted the lease was never taken up. 
In 1777, Messrs. Motte and Farquhar memorialised Government to be 
allowed the exclusive privilege of manufacturing iron in the Honourable 
Company's possessions in the country west of the meridian of Bardwan, 
and of* selling the produce free of duty. This was without prejudice to the 
rights of Messrs. Summer and Ileatly, who had mining privileges in 
certain districts of Birbhum and Pachete. They claimed to be exempt 
from all interference by the members of the Bardwan Council, and any 
of the Company's officers resident in the provinces included in the above- 
mentioned limits; all matters of dispute to be referred to the Governoris 
Council, as the local officials, being traders in these districts, might be 
interested judges. The place first selected by them for the furnaces was 
strangely enough situated in Jharia in Pachete, but the loha mehals of 
Birbhum were to be made over to them on the existing terms and 
conditions. On their part they contracted to cast shot and shells, and to 
supply them at Fort William, at four-fifths of the average cost of the 
same when landed from Europe. They further contracted to pay to the 
Company one-twentieth of the profits of the lead mine (at Hisatu or 
Sidpa) in Ramgarh, which they also proposed to work (see page 291). 

In the following year permission was granted to Mr. Farquhar 
to enter into possession. He then begged an alteration in the terms, 
having in the meantime discovered that the ores of Birbhum were better 
suited to his purpose than those of Jharia. This was granted, but a 


Jo\ir. Aa. Soc. Bengal, Vol. XII, p. 546. 
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series of troubles awaited him from the opposition of the jfighirdars and 
Raja. In 1779, after further correspondence, an advance of Rs. 15,000 
was made by Government to Mr. Farquhar, in order to enable him to 
complete his furnaces, &c., and he carried on from that time to 1789, 
with what result, as regards the manufacture of iron, is not known ; 
but the records are full of accounts of disputes and contests with the 
natives, who actually claimed that the revenue from the loha rnekals 
belonged to them, though Government had received it before Farquhar 
obtained the lease. In 1789 he relinquished the s])eculation and was 
appointed to the gunpowder manufactory at Phulia, but he retained 
the lease of the loha meftals till 1795, after which they lapsed to the 
zemindar, who disposed of parts of the estate, and the new proprietors 
commenced to levy dues on the iron mines within their lots, and as a 
matter of course litigation ensued. Finally the Court (Sudder Dewanny) 
issued rules which established and defined the rights of the holder of the 
loha mehalsj who had purchased them as a separate lot at the ultimate 
sale of the zemindari. It would seem, therefore, that the Government 
had allowed the mining rights, their claim to which they had distinctly 
asserted when leasing the mines to Farquhar, to slip through their fingers. 

It is stated that Birbhum hook iron, during the period of Farquhar^s 
labours, was sold in Calcutta at Rs. 5 per maund, Balasor at Rs. 6-8, and 
English at from Rs. 10 to Rs. 11. In all probability this iron was pro- 
duced by the direct native process, not by European methods. The above 
is taken from one of a series of contributions towards a History of the 
Development of the Mineral Resources of India by S. G. T. Heatley.^^^ 

In 1845, Mr. Welby Jackson'*^ communicated a short account of the 
Birbbum iron works as they were then carried on by natives. There 
were about thirty furnaces, which he says produced, at a cost of Rs. 17, 
about 25 maunds of iron at each smelting, which lasted for four days 
and nights. He alludes to the work as gradually destroying all the fuel 
in the vicinity. The farmer of the loha mehals claimed one rupee for 
each smelting and 6 pice on each maund of refined iron. Mr. Jackson 
enquired into the monopoly which struck him as curious, and was told 
that it came about as has been above described. He left the district 
before he had fully enquired into the matter, but he states that he doubted 
the right claimed and could not conceive how it had originated. He 
was not apparently aware of the full facts of the case, namely, that a pre- 
decessor of his had sold on behalf of the Rajahs estate what was really 
Government property. 

’ Jour. As. Soc. Bengal, Vol. XII, 1843, p. 542. 

> Op. HI., Vol. XIV, p. 764. 
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The next account by Mr. H. Torrens appeared in 1850. He de- 
scribes the iron-smelters of the liills as an itinerant race using small fur- 
naces; they belonged^ he says, to the Santhal tribe (they were really a 
local tribe of Munda Kols). The price of the iron on the spot was Rs. 3 
a niaund. 

Two years later Dr. Oldham reported on the iron ores of Birbhum 
and the Damuda valley. His attention had been especially directed by 
the Court of Directors to the question of iron manufacture in connec- 
tion with the introduction of railways into India, In this paper there 
is the first description of the nature and mode of occurrence of the ore, 
which is described as consisting of partly earthy and partly magnetic 
oxides of iron, which occur disseminated among and spreading in an 
entangled manner througli soapy trappean claystone, its origin being 
due to infiltration into cracks and joints. The bed or layer impregnated 
was stated to be 5 feet thick. Altogether Dr. Oldham^s opinion as to 
the available amount of ore was that the supply was not so great as 
subsequent investigations have shown it to be. Native furnaces, on the 
large scale which seems to distinguish those of Birbhum from any found 
elsewhere in India, were in operation at four centres, namely, Ballia, 
Narainpur, Deocha, Dumra, and Goanpur. At Deocha there were thirty 
furnaces for the reduction of ore; these were worked by Mahomedans, the 
refiners being Hindus. The estimated average outturn from each furnace 
in the year was 34 tons of iron, and as there were believed to be in all 
seventy furnaces, the total outturn of kachcha iron was estimated at ii,38() 
tons in the year. In these furnaces the kachcha 'wi^rij unlike that produced 
in other parts of India, formed at the bottom of the furnace in a molten 
condition, and resembled good pig-iron. The retining was really a sort 
of puddling process, which induced a pasty condition admitting of tlic 
iix)n being drawn out and hammered until it became thoroughly malJe- 
able.* Ten maunds of the kachcha iron were said to yield seven inaunds 
and ten seers of the pakka^ from which the outturn of refined iron was 
deduced to be, in round numbers, 1 ,700 tons, at a cost of £4-4-0 per ton. 
To prepare this in marketable shape as bars, &c., would require, according 
to Dr. Oldham^s estimate, an expenditure of 50 per cent, additional, the 
final result being that at £6-6-0 it could not compete with English iron, 
at the prices then prevailing in Calcutta, though, being a charcoal iron, 
its softness made it better suited for some purposes than English iron. 
In view of the daily increasing difficulty about fuel. Dr. Oldham finally 
coneduded that the absence of economical fuel and the scanty supply of 


* Vide Engineers* Journal, Calcutta, Vol. Ill, p. 112. 
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ore determined the inapplicability of any extended seri^ of operatio 
for smelting and manufacturing iron in the district of Birbh^. 

In a paper read before the Asiatic Society in 1854, Dr. Oldham 
describes the iron manufacture by the Kols of the Rajmahal bills. T e 
principal sources of the ore were the ferruginous sandstones which over 
lie the trap. Sometimes, however, they used a lateritic ore. Allusion 
is made to an old report that Sikrigalli was a suitable place for the 
manufacture of iron, but it is stated that there was no ground for sup- 
posing that there existed in that vicinity conditions favourable for such a 
manufacture. This report appears to have been originated by Mr. Jones, 
who in 18^9 stated, apparently on hearsay, that large iron mines bad 
been worked at Sikrigalli and Pirpainti. It would not perhaps be safe to 
say that no iron exists in these neighbourhoods, but it is very unlikely 
that large deposits exist, and it is doubtful whether there were ever 
any furnaces near either. 

Somewhere about the year 1855, Messrs. Mackey and Co., of Cal- 
cutta, started the Birbhnm Iron Works Company, and fixed upon Maho- 
med Bazaar as the site for their factories and furnaces. In 1850 their 
property was reported on by Mr. James Barratt,^ and he speaks in glowing * 
terms of its value, especially as regards the quantity, quality, and variety 
of iron ores to be found. The coal at Panchbyni, he admits, is unfit for 
smelting, but thinks better qualities may be found below. A bed of 
limestone at Sitakabr, 2 miles south-west of Dumka, is mentioned, but 
tills does not appear to have ever been exjiloited. 

In 1858, Mr. Sowerby,^ in bis report on the Kumaun mines, made 
some depreciatory remarks regarding Mr. Mackey^s iron works, which 
called forth a rejoinder from tlfht genilemaii and his manager, Mr. 
Casperz.'^' They stated that the ore they were using contained 40‘5 per 
cent, of iron, was readily fusible, and that they were turning out two 
tons of pig a day, which had been reported on iu England to be equal 
to No. 1 gray pig. It was stated that one ton of iron could be deli- 
vered in Calcutta at Rs. 37, which would enable it to compete favour- 
ably with English metal ; but that as a matter of fact better prices could 
be obtained nearer at hand. In spite of all this, operations from one 
cause or another ceased from time to time. 

In 1860, Mr. W. T. Blanford reported at considerable length on the 
condition of Messrs. Mackey's iron works, and the best method of 
improving the outturn. His dejmtation was in response to a siiecial 

’ Jour. Ah. Soo. Bengal, Vol. XXllI, p 279. 

llcport to MoaarH. Maekey ami dated Birbhum Iron Works, Deeeiuber 185(). 

3 SelectioTig from Records, (Government of India, No. XXVI, ]>. 56. 

* Kngineeni’ Journal, Calcutta, Vol. Ill, ])p. 58, 98, 106, 112. 
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application made by Mr. Mackey for an inspection by a Government officer 
in anticipation of an attempt to increase the capital with a view to the 
enlarg*ement of the works. Mr. Blanford gives the following conclusions 
in recapitulation of his report ; — 

(1) That the manufacture of iron is at present carried on at a 

loss ; 

(2) That by the employment of additional capital, and increasing 

the production, the cost may be very far diminished, and 
the iron be produced at the works for about Rs. 37 J and 
supplied in Calcutta for Rs. 44<| per ton ; 

(3) That the price of English iron in Calcutta for the last ten 

years has averaged considerably more than the above sum, 
viz.y Rs. 5 1-6, and that for the last six years it has averaged 
Rs. 57-14 per ton, which prices exceed the estimate of the 
cost of Birbhum iron in the proportion of 16 and 20 ])or 
cent, respectively j 

(4) That the iron produced is of quality superior to ordinary 

English pig-iron, that it is generally gray, and that it 
appears to be well suited for castings reciuiring strength 
and toughness ; 

(5) That the supplies of ore, flux, coal, and charcoal are sufficient 

for works of moderate size, provided careful supervision is 
exercised over the cutting and burning of the wood for 
charcoal ; 

(6) That the supply of charcoal, and perhaps also of flux, is not 

sufficient for very large works ; 

(7) That economy will be corifeulted by erecting different fur- 

naces at different places in the district, the neighbourhood 
of Panchbaini and Ganpur, for instance, being apparently 
adapted for the production of iron at a lower cost than 
can be effected at Mahomed Bazaar ; 

(8) That the district is not so well qualified for the manufacture 

of iron by means of coal, as is the neighbourhood of 
Raniganj, and that works established at Birbhum would 
have to compete at great disadvantage with any estab- 
lished in the Damuda field. 

The ore in Birbhum occurs in beds towards the base of the laterite. 
These are possibly not constant in thickness for long distances, but on 
this point, since they are only known from the sections made in shallow 
pits, there is no definite information. It has been fairly established, how- 
ever, that ore is abundant, and that it contains a high percentage of iron> 
occasionally nearly 60 per cent, and averaging over 40. 
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In the year 1875 Mr. Hughes reported on the prospect o£ iron 
manufacture in Birbhum, and shortly afterwards Messrs. Bum and Com- 
pany commenced operations ; but after some months^ trial it was found 
that the prospect of enlarging the works did not promise to be a profitable 
speculation, and thus the last of the many attempts to manufacture iron 
which have been made in this area, ceased. 

There can be little doubt that the fuel is wholly insufficient. It is 
now even less abundant than it was when Mr. Blanford wrote. The native 
rights, real or assumed, would be a constant source of annoyance and 
trouble, and though the ores are somewhat riclier there is no comparison 
between the advantages of this area and those of the Raniganj field. 
Further information on the subject will be found in the work noted 
below. * 

Monghyr District. — Iron ores occur both in the laterite and in 
thin bands in the schists of the Kharakpur hills, and the making of iron 
is still practised to a small extent. The richest source of iron ore is said 
to be situated near Bhimband. In several places ochreous ores are em- 
ployed as pigments. 

It may be of interest to state here the circumstances connected with 
the discovery of a mass of iron in this region, which was forwarded to 
the Asiati<i Society at Mr. Piddington^s request by Captain Sherwill. It 
was stated to have been originally found embedded in the soil on the 
top of the Kharakpur hills, and it had been exhumed and worshipped for 
many years by the hillmen. Its weight was 156J pounds. Mr. Pid- 
dington^ published two papers on the subject in the Journal of the 
Society, in which he came to the conclusion that it was a veritable meteoric 
iron, having found, he believed, traces in it of nickel, cobalt, and chro- 
mium. In 1802 Prof. Haidinger ^ published a short paper on a sample 
of this iron, in which he sliows that, according to an analysis by Herr Karl 
Ritter von Hauer, the mass consisted of 98 per cent, of iron with silica 
and carbon, but that there were no traces of the above-mentioned metals, 
the conclusion from which, and from the physical characters, was that it 
was not of meteoric origin. 

The original is now in the Museum, and on a comparison with a bloom 
from a native furnace in Hazaribagh, it is seen to bo of absolutely iden- 
tical character, and not a vestige of doubt can remain that it was made in 
an ordinary native furnace, the hearth being accidentally somewhat larger 
than usual, as was evidently the case from the inequilateral shape of the 
mass. A projecting circular portion on the upper surface exactly 

» Mem., G. S. I., Vol. XIII, Part 2, p. S*7. 

2 Jour. As. Soc. Bengal, Vol, XVII, p. 638 ; ami XVI II, p. I7l. 

• ^ Sitzuiigsb. (ler Akademie, Wien. XLV, p. 672. 
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corresponds with what is seen on ordinary blooms, which show the shaj)c 
of the base of the cylindrical shaft of the furnace before it opens into the 
hearth. It is possible that owing* to the accidental size of this bloom 
it was unmanageable, or was perhaps thought to be uncanny, and it was 
therefore made an object of worship.^ In fact the only thing remarkable 
about it is that it is purer and less mixed up with extraneous matter 
than is commonly the case. 

An iron mine in the Kharakpur hills, which was visited by the writer, 
had been deserted in consequence, as the natives say, of some of the ore, 
when smelted, changing into milk and blood, which was followed by 
deaths in the families of the persons engaged. It is possible that the 
ore may have contained lead or tin, and the resulting white metal may 
have been thought by the superstitious smelters to be the harbinger of 
disaster. 

Raniganj field. — The literature referring to the iron deposits of 
this area, though considerable, is less voluminous than that on the iron 
ores of some other parts of India. It dates back to a period fifty years 
ago, since which time, at intervals, proposif ions have been made to start 
iron works, and at one time the Bengal Coal Company took some j)reli- 
minary steps with reference to the manufacture of iron on a large 
scale, but although some of the machinery was ordered nothing further 
was done, as the company concluded that it would be safer for them to 
confine their operations to coal-mining. 

It was not until the year 1874? that the matter was regularly taken 
up and a company formed under the title ^‘Bengal Iron Company.'^ In 
the year 1879 this company ceased operations. Tlie causes which brought 
about this disaster were principally due to the fatal and initial error of 
slarting with insufficient capital, which only amounted to £100,000. 
An altogether unexpected and heavy charge for the land which was 
taken up made a serious inroad into this sum. Hopes were raised that 
Government aid would be forthcoming to enable the company to obtain 
additional capital from the public upon moderate terms, but unfortunately 
the security asked for was not granted. Money was raised on debentures, 
but at a high rate of interest, and although the Government so far aided 
the company that it gave large orders for castings, the work liad to y>e 
stopped, and a large number of people were thrown out of eray)loyment, 
the shareholders lost their money, and the coal trade suffered from the 
loss of a good customer. 

Material exists for giving a very complete account of what was 
accomplished by the company, but as much of it consists of details 


* Vide Proc. As. Soc. Hongnl, August 1880. 
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hardly suitable to these pages, and as they are, moreover, aceessible in 
original to those who may be specially interested, the following brief 
account ^ of the materials wliich are available, and the character of the 
iron which was turned out, will probably be sufficient for present pur- 
poses. Should a new company ever be formed, it will have the immense 
advantage of availing of the experience acquired during this first costly 
experiment. In matters of detail as to the form of the furnace and the 
economy of heat, preliminary calcination of ore and flux, &c., &c., there 
was much improvement possible, and that iron would have been turned 
out ultimately at a cheaper rate and better quality, had the company 
survived, it is impossible not to believe. 

Ores. — The iron ores of the Raniganj field all occur in the ironstone 
shale group which intervenes between the two coal-bearing groups, llani- 
ganj and Barakar, of the Damuda series.^ These ironstone shales have a 
wide extent, being traceable by their outcrops at the surface for a distance 
of several miles. The estimated thickness of the group is 1,400 feet. The 
ore does not occur throughout, being most abundant towards the top and 
bottom, where it occurs in bands, lenticular masses, and strings of nodules. 
It is a clay iron ore somewhat altered at the surface. In places, too, a 
regular black band has been met with. As a general rule, it is easily 
obtained at or near the surface, and for a long time regular mining would 
not be necessary. In the case of the Bengal Iron Company, the ore 
which was used was collected on the company's property, and cost when 
laid down at the furnaces only eight annas a ton, or a very much less 
sum than previous estimates had allowed for it. 

Analyses by Messrs. E. Riley and H. Foster^ respectively gave the 
following results of ores used by the company : — 


Iron as peroxide 


6872 

65*54 

Manganese as protoxide . 

. 

2-67 

2*78 

Lime and magnesia . 


2-10 

tr. 

Alumina ..... 


5*14 

8*82 

Silica ..... 


10*17 

1293 

Phosphoric acid 


•44 

•09 

Sulphur ..... 


tr. 

tr. 

Water 


1113 

10-10 

Total . 


. 100-37 

100-2fi 


* Derived from official papers and information kindly supplied by the company’s 
agents. 

* W. T. Blanford. Mem., G. S. 1., Vol. Ill, p. 191. 

* Sec Mr. Ness’ Report, Gazette of Indian 1879. 
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An analysis by Mr. Pedler of an ore which was also used gave the 
following result, showing that the constituents vary to an extent which 
might cause serious trouble in the furnaces were a chemist not at hand to 
constantly check the proportions of the charges from time to time : — 


Silica and silicates, insoluble in acids 25*41 

Iron as protoxide Fe O . . . . . . . 1*26 

Iron as peroxide Fe a 0 3 . . . . . . . 43 '09 

Aluminum oxide 12*53 

Calcium carbonate . . . . . . . . 6*72 

Magnesium carbonate 1*88 

Phosphorous protoxide P o O 5 . . . . . . 1*25 

Water driven off at 120® . 3*96 

Combined water, carbonic acid combined with iron oxide 

and alkalies 3*90 


Total . . 100*00 


Mr. Bauerman gives the following as the result of the assays of ores 
which were obtained by him in this region : — 




Iron. 

PbowphoruH. 

lHHOlublc. 

Barakar carbonate . 

• • 

29*5 

0-398 

14*57 

Badul 


24*24 

1-(X)4 

28*73 

Cl rand Trunk Koad 

near Barakar . 

49-G3 

0-420 

13'50 

Ditto 

ditto 

34*84 

0-303 

15*85 

Brown ore, Barakar 

railway . 

38*03 

1-900 

10’()3 

Ditto 

ditto 

38*09 

1-830 

17*09 


For other analyses reference should be made to two papers on the 
subject by Mr. Hughes.^ 

Flux.— Although the existence of two principal and several minor 
sources of rock limestone had been known for nearly ten years ^ before 
the Bengal Iron Company came into existence, and a map indicating their 
positions had been suj)plied by the Geological Survey, still attention was 
at first rather directed to the employment of kankar or gniin, or, in default 
of it, to the limestone of Rotas. The irregularity in composition of the 
former and the high price of the latter (when delivered at the works), 
showed that they were both unsuited to the requirements, and at length 
attention was directed to the above-mentioned sources. One of these was 
a bed of dense gray limestone, in places II to 12 feet thick, which occurs 

^ Reconls, G. S. I., Vol. Vll, pp. 20, 122. 

2 oil,, Vol. X, p. 162. 
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associated with the top of the Raniganj or the base of the Pachete 
rocks at the north-western base of the hill bearing the same name. The 
other locality was situated a few miles to the south-west of this, in the 
neighbourhood of Hansapathar, in crystalline rocks. One other locality 
where limestone occurs, though the extent of the deposit is not known, 
is situated on the line of fault bounding the coal-field at J amuan, 6 miles 
to the south ^ of Raniganj and 9 miles to south-east of Assensole. As 
it occurs in a fissure, it is possible that it may not be extensive. A 
dolomitic limestone, possibly of greater extent, is found near Itamlall- 
pur, about 7 miles south of Raniganj, but this is less likely to afford 
a suitable flux. The two first-mentioned sources, since they have been 
opened up, it is now known, would afford inexhaustible supplies of flux^ 
though not of the best qualities. 

The following analyses by Mr. Pedler indicate high percentages of 
impurities : — 




Pacheto. 

Hansapathar, 

Insolublo silica and silicates . 


11-99 

31-31 

Calcium carbonate . 


71-45 

67-30 

Magnesium carbonate . 


8*21 

0-57 

Aluminum oxide . 


5*65 •) 

0-73 

Iron oxide .... 


2*05 > 

Alkalies .... 


•05 

•09 


Total . . • lOO’OO 100*00 


Mr. Mallet * has given a very full account of the mode of occurrence 
of these two limestones. At the time he examined them they had been 
opened up to some extent, and there was therefore greater facility for 
examination than when they were first discovered. His analyses are as 
follows : — 


Calcium carbonate 

. 45*05 

63*40 

83*43 

Magnesium carbonate 

. 11*53 

14*41 

•78 

Ferrous „ 

. 3-(i4 

4*15 

-68 

Ferric oxide 

•28 

•62 

... 

Phosphoric acid . 

*07 

•12 

*02 

Insoluble . 

. 39-28 

19*28 

16-18 

Total . 

. . 99*85 

101-98 

101-09 


— 

. 



^ Records, G. S. I., VoL X, p. 151. 
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The upper hand at Pachete was not used. The Ilansapathar rock is 
practically inexhaustible, the outcrop indicates a thickness of 150 feet, 
and it is traceable for 2 miles. 

The cost of these limestones, when delive^red at the works, amounted 
to Rs. 4 per ton, which included charges for 10 miles carting, crossing 
thci Damuda in boats, quarrying, and royalty. This was a high price as 
compared with that of kankar, wliich could have been delivered, it was 
estimated, at a cost of Rs. 2 i)er ton. 

Fuel. — The principal fuel used was coke, which was made from tln^ 
coal of the Karharbari mines, in the held of the same name, or from the 
of)al obtained in the mines at Sanktoria, Pura, and Relrui, all of which 
arc in the Raniganj held, and within a radius of 3 miles of the iron 
works. That from Pura, at a cost of Rs. 10, delivered at the works, 
was chiefly used. An analysis of it by Mr. Pedler gave the following 
result : — 


Fixed carbon ......... 81*36 

Sulphur ‘24 

Ash .......... 14*84 

Water .......... *56 


100*00 

A daily outturn of twenty tons from one of the furnaces required a 
cliarge of the above materials in the following proportions: — 

Iron ore 36*52 tons. 

Coke .......... 27*6 ,, 

Limestone . . . . . . . . . .23* ,, 


The yield of pig, therefore, was nearly 23 per cent. 

The pig iron produced left the furnace in a highly fluid condition, 
the consequence of wliich was that it made sharp castings, hut this indi- 
cated the presence of a large percentage of phosphorous, aud on analysis 
it was found that an amount was present which a few years ago would have 
operated very prejudicially if the pig was intended for conversion into 
wrought iron or steel. By the application of the new dephosphorising 
process, patented by Messrs. Thomas aud Gilchrist, this, though it is 
believed that in England it causes an extra expense of 1 5 shillings per ton, 
has been found capable of producing, from phosphorotic ores, when treated 
in the Bessemer convertei’s, a quality of steel equal to that obtained from 
ores which are comparatively free from phosphorus. 
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Several analyses of the 
results : — 

Iron 

Carbon combined . 

„ as graphite . • 

Manganese 
Silicon 
Sulpbnr 
Pbospborus 

Total 


which were 

made, gave 

tlie followi 

Tatlork. 

IVdler. 

Mallet. 

. no- in 

90*.580 

91*91 

•30 

•13S 

] 2-71 

. 210 

2-700 


•(;9 

•9(;s 


. 4-32 

4-139 

3-13 

*07 

•110 

•30 

. 2-30 

1-359 

1-95 

. loooo 

lOO'OOO 

100-(H1 


The averao'e percentag*e of phosphorus derived from these would be 
the precise source of this lar^e proportion is somewhat obscure, 
but probably the flux as well as the ore contributed to it. 

As a means of reduoing* this, and also of generally improving the 
character of the steel, the application of the dephos])horising process in 
Bessemer converters would doubtless prove to be coirtpletely efficient. 

From its commencement to the time of its stoppage the Bengal 
Iron Company made 12,700 tons of pig iron. The daily outturn was 
20 tons. At first the cost amounted to Its. 80 per ton, hut this was 
subsecpieiitly reduced to Rs. 40, and had both fuiiiaees been iu o])eration 
together it was estimated that the cost would have been further reduced 
to Rs. 88. 

Mr. Bauerman^s estimate of the probable cost of iron made in the 
Raniganj field was £5 a ton. The quality of the metal, taking the average 
of the ores, would, he considered, resemble that of* Cleveland or Nor- 
thamptonshire, and such as might be used for common easting and for 
rail manufacture, but not for making higli-cdass malleable iron. He 
considered therefore, that, except when prices were exceptionally high in 
England, iron could not be made profitably at Raniganj. 

The applicability of Sieman^s ju-ocess and others for direct conversion 
of the iron, without contact with the fuel, has been discussed by several 
of the writers on these ores. 

Manbhum District. — Although a portion of the Raniganj coal- 
field is situated within the limits of the Maiibhum district, it has been 
more convenient to treat of the iron ores of that field collectively, as, 
though the localities were all included in Bardwan, farther reference to 
them, therefore, need not be made here. 

In the Jharia coal-field both Mr. D. Smith and Mr. Hughes^ have 
reported unfavourably as regards the quality of the iron in the ironstone 
^ a. S. I., Vol. V, p. 332. 
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shale group. According to the latter, they are so silicious that the 
native smelters can do little with them. The ore they chiefly use consists 
of ferruginous concretions from beds of shale and sandstone of various 
ages. 

Throughout Manbhum, in those parts where metamorphic rocks pre- 
vail, greater or less quantities of magnetic iron sand are to be found in 
the beds of rivers, and scattered generally throughout the superficial 
deposits; occasionally titaniferous ore is associated with this magnetic 
sand, and this may perhaps account for the excellent quality of some of 
the iron which is produced. It is cxeej^tional, however, to find this sand 
used, as its collection is troublesome, and it is generally found necessary to 
grind it to a fine powder before smelting it. N o very considerable deposits 
of magnetic ore have been yet found in the metamorphic rocks ; one of 
the most important as regards position is found in a small hill near Teludhi, 
close to Baharinath. It has been supposed that a large amount of ore 
could be obtained there to mix with the ironstone ore of the Kaniganj 
field, but this is doubtful judging by the appearance which is presented 
at the outcrop. 

In the sub-metamorphic rocks, far to the south, there are some appa- 
rently bedded magnetites seen in the section in the Kasai river. These at 
first sight, on the weathered surface, so resemble the interbedded or meta- 
diorites that their true character as massive bright ore is not recognised 
until they are broken. These would probably yield a large supply of 
ore, but they are rather inaccessible. 

At various places along the line of disturbed junction between the 
metamorphic and sub-metamorphic rocks of Manbhum, which runs nearly 
due east and west across the district, there are veins or lodes of red and 
brown haematites ; the latter sometimes in great abundance. Doubtless 
this deposit has resulted from infiltration on the line of fracture. In many 
places replacement has been in operation, and the iron is now represented 
by quartz which is pseudoraorphic after micaceous iron. 

The principal of these lodes are indicated on the recently published 
map of this district,* and the positions of other deposits further south 
are also shown ; some of the latter occur in close relationship with the 
Dalma trap. These ores would be of great value if situated nearer to the 
Kaniganj coal-field, but their position would involve long and diflSeult 
carriage. 

Native furnaces of the form which will be described in the account 
of Lohardaga, and which is represented by Plate V, are in operation 


* Mem., G. S. I., Vol. XVIII, Pt. II. 
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throughout the area, and the vast accumulations of slag testify to the 
antiquity, rather perhaps than to the magnitude, of the manufacture. 

Singhhum District.— Although iron ores are perliaps not so abun- 
dant in this district as they are in Manbhum, there are still several 
localities where supplies of good ores could be obtained^ in any quantity, 
and without much difficulty. 

A large proportion of the ore used in native furnaces in some parts 
of the district is derived from ferruginous schists, but from these sources 
no regular or considerable supply could be obtained. As in Manbhum, 
very pure haematites occur in association with the trap. In tlie east- 
ern parts of the district latcrite ores, as is also the (‘ase in Manblium, 
tliough not mentioned above, are sometimes used by tbe iron -workers. 

By far the most promising source of iron ore in Singbhum is to be 
found in a number of lodes or veins which occur in the neighbourhood 
and to the west of the town of Cbaibassa. Some of them might prove 
rather refractory, still the fact that others are used by the natives is 
encouraging, but what more than anything else gives them an especial 
value is that many of them are manganiferous to some extent, and it is 
just possible that they might j)YOYe suitable for the manuFacture of 
a substitute for spie^eleketi, and might be made available for iron works in 
the Raniganj field if the line of railway to the Central Provinces should 
pass near them. 

Hazaribagh District. — An altogether imaginary, exceptional ricli- 
ness and abundance, which has been attributed to the iron ores of 
Hazaribagh, as contrasted with those of the adjoining districts, lias been 
the cause of various schemes being promulgated for the estalilishment 
of iron works there, 

It is perfectly true that rich iron ores, fuel, and flux are all found in the 
district, and it is further the case that a large amount of iron is annually 
produced from native furnaces ; but in reference to no one of these 
items can Hazaribagh compare favourably with Raniganj or Palarnow, and 
as regards accessibility the advantages possessed by both, the former 
especially, would go far to make up any inferiority in other respects if it 
had any existence, which, however, it has not. 

In the area occupied by the crystalline or metamorphic rocks there 
are numerous localities where the existence of magnetite in abundance 
had been reported ; these were all examined by Mr. H. Bauerman and 
the writer, and in not one single case was there any evidence of an 
abundance of ore, but rather the contrary ; while in many cases the sup- 
posed magnetite proved in reality to be massive garnet, or the calderite 
» Mem,, 0. S. I., Vol, XVIII, p. 14(J. 
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of Piddington ; this might perhaps be capable of affording a flux, but to 
be regarded as an ore of iron it has no claim. 

In the valley of the Damuda the supplies of ore used in native 
furnaces are chiefly drawn from the weathered outerops of the ironstone 
group of the Damuda series which is represented in both the Bokaro and 
Karanpiira fields. The native furnaces are numerous. 

Lohardaga District. — Except in the stib-division of Palamow, and 
the Toree pargana^ there are no coal-fields in this district. Putting it out 
of consideration, therefore, for a moment, the sources of iron ore in Lohar- 
daga are all included in the two scries of metamorphosed rocks and in the 
laterite. So far as is known at present, these sources are nowhere of 
exceptional richness, nor does the indigenous manufacture of iron offer 
any special points of interest. The furnaces are to be found only at wide 
intervals, and the amount of iron produced is proljably not more than 
sufficient, if even it is that, to supply the local consumption. 

In Palamow,^ however, there is a remarkable abundance of ores, and 
the other materials required in the manufacture of iron, while its position 
and the early prospect of its being, l)y means of steam-tram and canal, 
brought into communication with the East Indian Kailway place it in 
an altogether different category from all other parts of Chutia Nagpur 
as a site for an iron factory. Such being the case it is deserving of 
some special and detailed description here. 

Palamow Sub-division. — The iron ores of Palamow admit of 
a triple classification, which is based both on their mode of occurrence 
and their chemical composition. So arranged they stand as follows : — 


Maguetite 


j 

^ {a.) Pure magnetic 

ore 'l 

This occurs cither in\ 
bands or veins, in I 

... 

{b.) More or less 

de- 

hornhlendic rocks, or 

1 

composed 

altered. 

and 1 

as disseminated crys- j 
tals in granite. / 


Crystalline and 
inetainorphic 
rocks. 


Siderite and 
Hematite. 


(a.) Carbonate or black 
band (siderite). 


{a.) Bedded shales. 


(b.) Limonite or brown 
liBematite. 


(c.) Red haDinatite. 


(b.) C on c r c t i on ary 
masses in sand- 
stones. 


Coal -measures, 
Barakar ^roup. 


Red and Brown 
Htematit© . . . 


Strong bands of one or 
other of these ores 
occur in the laterite 
which caps the pla- 
teaus above 3,00U 
feet ill elevation. 


Laterite. 


Mem., G. S. L, Vol. XV, part 1, p. 112. 
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For some years before 1878,^ when this area was specially examined 
with reference to the iron ores, attention had been drawn to it as offering* 
a suitable field for manufacturing iron, and although the data upon which 
this opinion had been founded were somewhat incorrect, the result of the 
examination has been to show that the materials requisite in iron manu- 
facture are all to be had in abundance within the limits of the sub-divi- 
sion. In the earlier notices of these ores the accounts of the abundant 
supplies were founded on a combination of the richness of certain mag- 
netic ores with the abundance of latcrite ores. Magnetic ores do occur 
at more than a dozen localities, but that they are abundant at any of these 
may be doubtful. They occur sometimes more or less massive in nests or 
bands in hornblendic rocks, and occasionally in crystals, which are thinly 
disseminated through granite veins. The principal form in which this 
last is used by the native Agarias is when it is obtained by sifting and 
washing from the decomposed detritus from the granite veins. The 
small, partially decomposed crystals are ground between stones to a fine 
powder before being smelted. In one case an altered massive magnetite 
near Kurchi is used to some extent, but the pure ore is not known to be 
used in any case by the natives, who declare that it is not suited for their 
purposes. 

At none of the localities which have been examined is there distinct 
evidence of the existence of a practically inexhaustible supply, nor does 
the mode of occurrence in veins, with steep underlie, favour the view 
that a simple system of mining would be applicable. Limited sup])lies of 
this ore for special purposes could no doubt be obtained at little cost. 
Laterite ores of excellent quality, as will be seen from the analysis quoted 
below, and in great abundance, occur, and are worked by the natives ; but 
their situation at the top of lofty plateaus precludes the possibility of 
their being made available at a reasonable cost at any accessible locality. 

As neither of these sources of ore afford a prosjiect of being applicable 
to the requirements of a large factory in a suitable position, it is fortu- 
nate that there is still another source of ore which affords more favour- 
able conditions. This ore is found occurring in beds in the Barakar rocks, 
at the eastern end of the Aurunga field, near Rajbar. It occurs in a 
well-defined zone of ferruginous shales, about ^00 feet thick, of which 
perhaps 10 per cent, consists of what may be called iron ore. A fair 
sample of the richest band contained 49*2 per cent, of metallic iron, and 
as the zone containing it extends for 2 or 3 miles, no doubt can 
exist as to its abundance,^ and since the dip is only 5° it might be easily 
worked. There is, however, a more abundant source of ore in a detached 
* Mem., G. S. 1., Vol. XV, part 1, p. 112, 
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area of Barakar rocks to the north of Balunagar,i where the iron-stones 
occur in abundance over an area of about 4 square miles. At first sight 
it might be thought that these, or some of them, were to be identified with 
the true ironstone group, but they are overlaid by sandstones of Barakar 
(;liaracter. As in the case in the main field, the good ore, visible in 
the sections, is about 10 per cent, of the whole thickness. The best bands 
generally have a lenticular shape and die out, but are soon replaced by 
others, so that the average proportion is kept up. These ores are largely 
worked by the natives, and in several places at the outcrops there are 
shallow pits, from which they are extracted ; one sample of the ordinary 
ore yielded 45 ’3 per cent, of metallic iron, and one of black baud, 89*4 
per cent. As full details of these ores are given in the volume quoted, it 
will be unnecessary to say more on the subject. A truly remarkable 
supply of most excellent crystalline limestone occurs in the metamorphic 
rocks close by. The zone of often nearly vertical rocks in which it 
occurs is, at the surface, upwards of a mile wide, and the longitudinal 
extension is known to be 4 miles long and may be much more. A 


sample assayed by Mr. Mallet contained : — 

Carbonate of lirno 91*9 

„ „ magnesia ........ *2 

Oxide of iron and alumina . . . . . . . *7 

Insolublo 7*2 

100*0 


It would therefore yield a very superior flux. 

The question of fuel is by no means yet settled. There are in this 
small outlier several coal seams, which, though they do not present a 
promising appearance at the outcrop, may contain good fuel, and the 
same remark applies to the main Aurunga field. If neither of the.se 
should prove to contain suitable fuel, then that of the .Daltongaiij field 
might be used, but then the cost of carriage lias to be considered. The 
distance of the iron and limestone from the Daltongaiij field, which by 
means of a steam-tram and the already existing canals will shortly be 
put in communication with the East Indian line, is 59 miles, so that, 
under existing circumstances, it seems scarcely likely that it would pay 
to work these deposits. Were good coal even found on the spot, the iron, 
until better means of communication were opened up, would have to be 
carted over difficult roads for a distance of 50 miles. 

The following table gives the results of the examination of the iron 
ores of Palamow in the field and in the laboratory. 

» Mem., G. S. I., Vol. XV, p. 79* 
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It would luive been aii endless task to have attempted in these pages to 
have given an account of the local methods of iron manufacture practised 
ill different parts of India. There are variations in details as regards 
almost every particular of the process. In connection with tlie Plate 
No. V, which is taken from a photograph, the following account, is given 
as being typical of the method generally, but by no means universally, 
practised in Western Bengal, Orissa, and the adjoining districts of the 
Central Provinces. 

The furnaces of the Agarias arc built of mud and are about 3 to 4 
feet high, tapering from a diameter of about feet at base to 1 ^ foot at 
top. The hearth is a rounded cavity, which is a])out 1 0 inches in diameter, 
and the circular shaft above it is G inches in diameter. A bed of cliareoal 
having been rammed down into the hearth, ignited charcoal is placed 
above it, and the shaft is filled with charcoal. The blast is produced 
by a pair of kettledrum-like bellows, consisting of hollowed drums 
of wood, with goats' skins attached, and nozzles of bamboo. The skins 
are elevated by the tension aflbrdcd by the sticks with strings attached, 
which are stuck into the ground as represented in the plate. By 
throwing his weight alternately •from one side to the other the operator, 
who stands on the leather, overcomes the tension, and his heels act as 
stoppers to the valves which admit the air into the bellows. 

In the cases figured additional weight is given to the bellows by the 
operators' wives standing behind them. The bamboos which convey the 
blast are luted into clay tuyeres, which are themselves luted into the 
front of the furnace. The blast is, when once started, kept up for six 
hours, the people engaged changing places from time to time. Powdered 
ore is sprinkled in alternate layers with charcoal on the top of the char- 
coal in the shaft, as soon as it is fairly ignited, and as slag is formed it is 
tapped by a hole, which is every time pierced for the purpose in the side 
of the hearth, at different levels as the smelting proceeds, and is again 
closed with lumps of well-kneaded clay. For ten minutes before the 
conclusion of the process the supply of ore and fuel from the top is 
stopped, and the bellows are worked with extra vigour. The clay luting 
of the hearth is then broken down, and a giri^ or ball of semi-molten 
iron, including slag and half -burnt charcoal, is taken out and imme- 
diately hammered, by which a considerable proportion of the included 
slag, which is ^till in a state of fusion, is squeezed out, and the ball is 
then half -cut in two to show the quality of the iron. In some cases 
by several re-heatings in open furnaces and by hammering, the Agarias 
refine this into iron fit for market, but in others they dispose of the 
giri to the loham who work it up into bars. Although the trade in 
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iron is a profitable one to the merchants, nothing* can exceed the miserable 
state of indigence of the Agarias, who, in spite of their working hours 
being sometimes from 12 to 15 hours long, when they make two 
earn barely sufficient to keep them alive. Four annas is a common price 
paid for one of these glris^ which represents the outcome, not only of the 
labour of several persons for six hours at the furnace, but also the labour 
of collecting ore and fuel, &c. In many cases, too, they have to pay 
royalty out of this miserable wage. 

In the volume, quoted above, statistics are given as to prices of the 
finished iron, but there is always great difficulty owing to varying weights, 
the advance system, &c., in obtaining these with accuracy. It is stated that 
as much as Rs. 9 a maund has been paid for the finished iron at Dehri. 

Tributary States. — In the Tributary States of Chutia Nagpur the 
manufacture of iron is carried on by scattered colonies of Agarias, but, 
so far as is known, there are no features in the industry which call for 
special notice, save that, according to the Statistical Account of Bengal, 
the iron of Jashpur is highly prized for the manufacture of weapons and 
tools, and that it is exported to some extent for this purpose. The ore is 
possibly chiefly derived from the lateritc, which is particularly abundant 
in Jashpur. The production of iron in the Gangpur State is intimately 
connected with that in the Sambalpur district, and may therefore be 
most conveniently mentioned with it. 

Central Provinces : Sambalpur District. — The iron ores of Sam- 
balpur, and the furnaces used in their reduction, have been the subject of 
several pa})ers published during the past fifty years.i In a communica- 
tioii received from Mr. Babington by the Asiatic Society in 1843'^ the 
mines at Kudderbuga, north-east of Sambulpur, are described. It is 
stated that the annual outturn amounted to one thousand Calcutta 
maunds per annum. The better qualities of iron were sold at the 
rate of Re. 1-2 per bazaar maund (=60 lbs?). The custom of sacri- 
ficing a goat to Gauttailee, the goddess of the mines, on the occa- 
sion of the erection of a new furnace, is mentioned and is of interest 
in connection with what has been said on the same subject in reference to 
diamond mining (see page 50). Dr. J. Shortt, in 1855,^ described the pro- 
cess of manufacture and mentions that there was a considerable and pro- 
fitalde trade between Sambalpur and Cuttack. In the Central Provinces 
Gazetteer'^ it is stated that, notwithstanding the abundance of iron ores 
throughout Sambalpur, Rchrakol is the only part of it in which smelting 

* Gleanings in Science, Vol. Ill, 1830, p. 330, &c. 

2 Jour. As. Soc. Bengal, Vol. XII, p. 164, 

^ Selections from llocords, Bengal Government, No. XXllI, p. 184. 

< Pages 234-249. 
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is carried out to any extent. But this is not quite correct, as will be 
seen from the account given below. The chief of the smelters in Rehrakol 
is a Chawan Rajput by caste. There are about ten villages devoted to 
the manufacture ; as usual the Lohars are badly oflF and much indebted to 
the traders, who despatch the metal to Cuttack, where its sale is highly 
profitable. The Raja is said to derive but little income from this source. 

The ore used at Kudderbuga, which was alluded to above, is derived 
from bands of decomposed magnetite in the metamorphic rocks and 
the detritus from them. ^ In the sedimentaiy rocks of the Raigarh and 
Hingir coal-field there are several sources of iron ore belonging to dif- 
ferent horizons ; of these two, or perhaps three, are included in the Barakar 
group. The most abundant source of ore is apparently at Kodaloi and 
other points on the same horizon. The following remarks on the subject 
refer to the condition of the industry in the northern part of Sambalpur 
as it appeared in the year 1875.'-^ 

In the upper (Hingir) sandstone series ironstones occur, but are seldom 
used by the native Lohars or Agarias. In several instances it was found 
that Lohars of villages, which, owing to wood being abundant, were situ- 
ated within the upper sandstone ai*ea, procured their ore from the Barakar 
rocks, some miles distant. Except towards the frontiers of the Hingir 
highlands, there are few Lohars^ villages in that zemindari, but in 
no part of the country visited are they so abundant as in Rampur, 
At many of the largo villages there are furnaces, but the greater number 
are worked by colonies of Lohars, who form temporary villages where 
timber is abundant, passing to new localities when they have exhausted 
the supply in their vicinity. Although (Shorea rohusta) is the wood 
most commonly used for making charcoal, the bijasal {Dipterocarpns 
marsupium) seemed to be preferred by some. Bamboo, though abundant, 
is never used. The wood is cut into logs, about 34 feet long, or rather 
more, and is burnt in holes dug in the ground, which are about 4 feet 
square and 18 inches deep. Small branches are not used, only the very 
best of the timber. The furnaces are somewhat smaller than those used 
in Palamow ; they are furnished with a tray above, in which a quantity 
of prepared ore and charcoal is kept, which can be raked into the top of 
the furnace by the person working the bellows without further assist- 
ance. Differing from the practice in Hazaribagh, the same individuals 
make the giri (bloom), and also work it up into saleable refined iron. 
The giris are much smaller than those in Hazaribagh, ranging in weight 
perhaps from 6 to 10 seers. So far as could be made out, the mahajans get 

' R<‘cord8, G. S. I., Vol. X, p. 182. 

2 Op. cit, Vo). VIII, p. 120. 
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from 15 to 20 seers of iron fora rupee from the Lohars^ but owing to the 
advance system, &c., this could not be accurately ascertained/^ 

Besides what has been said about Rehrakol, there is nothing rema»d^^ble 
or worthy of special note, so far as is known, in the production of iron 
in the Native States of Chatisgarh. According to the census returns 
of 1872, there were then in the Sambalpur district and its seven 
Feudatory States altogether 3,023 persons engaged in the manufacture 
and in the working up of iron into rough tools and weapons. 

Bilaspur District — ‘The only available information on the production 
of iron in this district is contained in the Central Provinces Gazetteer. 
The sources from whence the ores are obtained are probably similar to 
those in Sambalpur, as rocks of the same age occur there. 

There are said to be only forty furnaces in Bilaspur, with a total 
estimated outturn of 400 maunds, but as the total consumption is three 
times that amount, the deficiency has to be made up by imports from 
Mandla and Sambalpur. The retail selling price is said to be Rs, 13 per 
maund, or say Rs. 273 per ton. Ore is abundant, but the limited num- 
ber of Agarias prevents an increase in the local production. 

Raipur District. — Little or nothing is recorded as to the iron ores of 
this district. Throughout the central parts, even were ore abundant, fuel 
is so scarce that it would be impossible to work it. 

Mandla District. — Captain Pearson i speaks of iron ore as being 
abundant in this district. It is worked by Agarias who occupy 
numerous villages at the foot of the Amarkantak plateau, and in the 
south-east corner near IJmerwani, near the sources of the Seoni and 
Bormeyer rivers. According to the Central Provinces Gazetteer, the 
ore is latcrite, and the best metal comes from mines near Ramgarh. There 
are also good mines in Mowai, the ore from which is used in the manu- 
facture of iron for local purposes. As above stated, Mandla exports iron 
to the adjoining districts of Bilaspur. 

Bhandara District. — The geological relations of the iron ores of this 
district are not known, but it is possible that laterite affords the supply. 
The principal mines are stated to be in the Chandpur, Tirora, and Pratap- 
garh parganas ; they are mere pits 10 or 12 feet deep. The people engaged 
in the work are Gonds, Goaras, Pardhans, and Dhimars. The amount 
manufactured is more than sufficient for local wants, so that iron is a 
regular article of export. The mines at Agri and Ambaghari, in Chandpur, 
yield an ore from which a very tough but malleable metal is produced.^ 
Balaghat District. — Ores of iron also occur in this district and are 
smelted by the Gonds. The metal is sold in rough semicircular masses 

* Report on the Mnndla District, 1860, p. 21. 

^ Central Provinces Gazetteer, p. 59. 
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called cimlas, which average 10 lbs in weight, at the rat^ of two to four 
a rnpee. 

Jabalpur District- — According to the Central Provinces Gazetteer, 
iron is found in more than a hundred places in this district, of which 
tlie principal are Simra, Gogri, Bolia, Agaria, Dalrora, Jauti, Panagarh, 
and Lamcta. The ores are stated to be as follows :—( 1 .) detrital 
(? laterite ore) ; (2.) from Gondwana sandstones ; (3.) ores from sub- 
metamorphic (or Bijawar) rocks; (4.) ores accumulated along fault lines. 

To the last belong the hsEjmatite ores worked in the mines at 
Dubwara, Agaria, and Jauti. They are by far the most productive. 
No. 3 ores are next in importance ; they are mined at Lameta, Panagarh, 
&c. Among the more important iron mines in the Jabalpur district are 
those of the Kumbhi pargana, about 20 or 30 miles to the north-east of 
Jabalpur. The ore occurs, it is said, in the form of black iron sand, 
and is known by the name of dhao ; it is manufactured into various uten- 
sils at Panagarh. 

Mr. Hacket, as quoted by Dr. Oldham,* states that the iron ores of 
Jabalpur occur altogether in the Lora group of the Bijawar series, ex- 
cepting those obtained from the laterite of Bijaragugarh. The most 
important mines are at Jauti or Jauli, others at Gogri, &c. ; from Jauli 
alone, 50 loaded buffaloes, each carrying 3 maunds of the ore, used to be 
despatched daily. The ore, which is a micaceous iron with massive 
hematite, yielded on assay 68*5 per cent, of iron. Mr. W. G. Cipher ts, 
C.E., has taken a lease of these mines from Government, and the mineral 
paint, of various colours, which * now well known in India, is prepared 
by grinding this ore to an impalpable powder between stones worked by 
water-power. 

The following, giving the cost of production of one maund of bar 
iron by the native process, is from information kindly supplied by Mr. 
Olpherts : — 

Rh. a. P. Rfi. A. p. 

6 maunds iron ore . . . . .040 

f) „ cliarcoal 2 0 0 

2 cooliws . . . . . . 0 10 0 

— 2 14 0 

This yields 8 maunds kachcha iron, the refining of 
which costs — 

4 maunds of bamboo charcoal . . .200 

10 coolies . , . . . .14 0 

.8 4 0 

Total cost of one maund of iron . . . .620 


^ Records, G. S. 1., Vol. V, p. 0. 
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As the selling value of this is Rs. 8, a fair margin is left for con- 
tingencies and profit. Recently Mr. Olpherts has been making experi- 
ments with a view to the production of charcoal-iron by the a}>plication 
of European methods. 

At Palle (Pullee) the excavations for ore were, in 1872, 100 yards 
long by 30 yards wide by 50 deep. The mines at Mungcla and at 
Agaria in the Majgoan hills, and also in the hills west of the marble 
rocks, are all situated on the same geological horizon, and the deposit of 
ore appears to be constant and to offer an unlimited supply of the best 
quality, 

Narsinghpur District : Tendukheua or Omarpani. — The ores at 
Omarpani have long attracted notice owing to the excellent quality of 
the iron produced from them at Tendukhera. They occur in association 
with much disturbed limestones and quartzites of Bijawar age, but the 
precise mode of occurrence is somewhat obscure. There appears to 
have been some faulting of an interstratified bed of ore, and besides this 
fissures and c*racks appear to have become filled with the ores which 
consist ‘of very hard earthy brown and red hematites with occasional 
masses of specular iron. The mines consist of irregularly distributed 
pits and Ixirrows, which follow the courses of the ore to depths of from 
40 jto 50 feet till work is stopped by the influx of water. The ore is 
carried to Tendukhera, 2 miles distant, where it still continues to be 
smelted, although the charcoal has to be brought from very long dis- 
tances. 

Mr. J. G. Medlicott attributed the good quality of the metai which 
was produced here to the fact of the ore beiijg slightly calcareous, which 
produces the same effect as would a purposely added flux, Tlie metal 
commanded a higher price than any manufactured in any other part of 
the Narbada valley. The ores being generally similar in character, and 
the system of working them not varying in any imi)ortant respect, there 
can be little doubt that this is the true explanation^ 

As to the abundance of this ore there seems to be little reason for 
doubt that it is considerable, but to work it on the large scale a regular 
system of mining would have to be adopted, as it is less readily accessible 
than are most Indian iron ores. These mines were leased, together with 
the coal mines at Mopani, to the Narbada Coal and Iron Company, but 
they have never manufactured any iron, although they originally 
intended to do so. And indeed it was one condition of their mining 
lease that they should do so by a definite time, t, <?., 5,000 tons- of 


* Selections from Records, Governmeut of lnd'u\, Vol. X, p, 25. 
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marketable iron were to have been produced within five years of the 
opening* of the railway to Jabalpur; this period lapsed in August 1872. 

AVhen visited by Mr. Blackwell in 1857, there were about 70 to 80 
furnaces in Tendukhera. The charcoal was made in the jungle, from 
4 to 10 miles to the north, and was brought to the town in ]>askets borne 
on the backs of buffaloes, costing on delivery 8 shillings per ton. The 
same authority states that there were two kinds of iron which were made in 
different furnaces, the terms kachcha and pakka having a special and local 
signification, and not referring, as they do elsewhere, to different stages 
of preparation of the same metal. The kachcha iron was said to be 
turned out in blooms of marketable iron, the furnaces more nearly resem- 
bling the Catalan than any other he had seen in India. The pakka iron 
was made in a f uimace of a different form, from which it came in the con- 
dition of crude «teel and by hammering was brought to the condition of 
tough irpn ; the crude steel was used for making edge-tools. There is 
probably a mistake in this account, as at present the iron is sold either in 
the form of roughly hammered blooms, or it is worked up after several 
heatings, in an open furnace, into refined iron. 

The prices, according to Mr. Blackwell, were in 1857 : kachcha iron, 
Rs. to 4 per gond of three local maunds, or £3-8 to £8-12 per ton ; 
pakka iron, Rs. 5 to Rs. 6 per gond of three maunds, or £4-10 to £5-8 
per ton. In 1873, the price of the latter was about £6 per ton. The 
outturn in 1857 was about 800 tons per annum. 

The following were the proportions of ore and fuel which were used 
respectively ; — 

Iron Ore. Charcoal. 

Tons. Cwt. Qra. Tons. Cwt. Qrs. 

Kachcha iron H 9 0 3 15 0 

Pakka ,, 6 3 2 5 12 2 

One of the best account of these mines and furnaces is by Captain 
Franklin ; it w^as written in 1827, but does not appear to have been printed. 
Captain Franklin was specially engaged at the time as Surveyor of iron 
mines in Sagar and Bundelkhand. His account of the method of making 
steel as witnessed by him was as follows ; Three seers weight was cut 
from an ordinary bloom, from which some iron had already been prepared. 
It was first exposed to the heat of a common forge, just short of fusion ; 
it was then hammered slightly, the process being repeated eight times ; 
after the third time the red-hot mass was always rolled in the ashes of 
burnt cowdung previous to hammering; after the eighth hammering it 
was heated red-hot and plunged into water ; it then weighed 1 seer and 9 
chittacks, and was an excellent steel. 
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According to the natives, the best charcoal for smelting was that 
made from the mhowa tree [Bassia laiifolia) , slwA for refining that of either 
bamboo or teak j but the best for steel was prepared from resinous wood, 
such as tliat of the Dhow {Conocarpus latifolia) or the Kair {Acacia 
catechu ) . 

Captain Franklin made suggestions with reference to the introduc- 
tion of simple machinery in order to produce iron suitable for such work 
as making suspension bridges, &c. In the year 1830 Colonel Presgrave 
opened a suspension bridge over the Bias river in Sagar, the iron for 
which had been all smelted at Tendukhera. 

Iron ores occur also in the Sagar, Damoh, and Hoshangabad dis- 
tricts, but they are perhaps not of suflScient importance for jfpecial 
notice here, though there are materials available for the purpose. In 
the first-mentioned district a very pure and massive red hEematite occurs 
in nests in rocks of the Bijawar formation, and brown haematite in bands 
is found in the metamorphic rocks. 

Chanda District. — In the year 1855 Messrs. Hislop* and Hunter 
drew attention to the extraordinary richness and abundance of the iron 
ores in this district. Near Dewalgaon there is a hill named Khandeshwar, 
which is 250 feet high, and the whole mass is laden with ore. With the 
abundance of fuel available it was considered that this hill alone might 
furnish the whole of India with iron. Among other localities, at 
Lohara, Ogulpet, Metapur, Bhanapur, Menda and Gunjwahi, most of 
the ore was haematite, but magnetic ores were also found. Rich lateritic 
ores were to be found and were then largely used in the native 
furnaces. Such was the information regarding this district up to the 
time when the geological examination was commenced by the Geological 
Survey, since which time the subject has been dealt with in a practical 
manner, and has given rise to a considerable amount of literature. As a 
summary of what had been done up to 1877, Mr. Hughes^ memoir on the 
Wardha valley coal-field affords all the information necessary for repro- 
duction here, but for fuller details reference should be made to the 2 )apers 
noted below : — 

(1) The Chanda district surpasses all others in the Wardha valley 

for richness of iron ore ; 

(2) The most noted localities arc Dewalgaon, Gunjwahi, Lohara, 

Pipalgaon and Ratnapur ; 

' Quar. Jour. Gcol. Surv., Vol. XI, pt. II, p. 3i5. 

- Central Provinces Administration Report, 1861 to 1870. Supplement to Oazette of 
India. 1871, p- 1341. Op. cit., 1874, pp. 1454. and 1847 Op. cit,, 1875, p. 288. Mem , 
G. S. I., Vol. XIII, pp. 109 and 145. 



‘388 


GEOLOGY OF INDIA— IKON. [Chap. VIII. 

(3) The most accessible to Warora are Ratnapnr, Pipalgaon and 
Lohara, and among these Pipalgaon ; 

'^(4) The varieties of ore are, at Pipalgaon, compact crystalline 
haematite with some magnetic oxide ; at Lohara, the same ; 
at Ratnapnr, brown iron ore ; 

(5) The great value of these main deposits lies in the almost 
total freedom of the ores from phosphorus ; 

(6) The largest deposit is that of Lohara, but there is also an 
enormous amount of iron ore at Pipalgaon.” 

In a previous paper Mr. Hughes described the Lohara hill as con- 
sisting of compact crystalline hsomatite with some magnetic oxide. It is 
fully Aree-eighths of a mile in length, 200 yards in breadth and 100 to 
120 feet in height, and it is believed to be traceable beyond the hill 
portion for a considerable distance. 

At Pipalgaon, lat. 20° 23' N. ; long. 79° 34' E., an excessively fine 
mass of red hsematite, resembling that at Lohara, is seen three-fourths of 
a mile east of the village. The strike of the lode is west-north-west 
to cast-south- east. 

At Ratnapur, lat. 20° 23' N. ; long. 79° 37' E., there is a rich lode of 
brown iron ore which forms a terrace on the north side of the small 
range of hills facing Alisur. This lode is in places 40 to 50 feet wide. 

The following analyses illustrate the composition of these ores : — 


Lohara (Ifr. David Forbes),' 


Iron, metallic r)9’20S 

Oxygen in combination ....... 29’37(> 

Manganese sesquioxidc *090 

Silica *823 

Alumina *482 

Lime *054 

Magnesia .......... tr. 

Sulphur *012 

Phosphorus ......... *005 


100*0(X) 


An assay of the same ore by Mr. Tween gave 70 00 per cent. 
metallic iron. 


ride Colliery Guardinp, 13th September 1873. 
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PiPALGAON {Mr. Ness.) 

Protoxide of iron I Metallio 

Peroxide o£ iron 31*6 j 

Lime *6 

Magnesia tr. 

Phosphorus • . 

Sulphur 

Silica 4*5 

Water, traces and loss 5 


100 * 

Ratnapur. 


Analijah hp Mv. Ness — 

Metallic iron ........ 40*7 

Insoluble ........ 260 

An ah/ sis hy Mr. Ttoeen — 

(a.) Metallic iron 50*5 

Insoluble ....... 22*8 

(/;.) Metallic iron ....... 52*0 

Analysis of laierite near Matnapur — 

Metallic iron ....... 25*7 


The great obstacle to the manufacture of iron here is the quality of 
the fuel ; vide page 92. Limestones of good quality and well suited for flux 
abound in the Wardha valley. The following a.ssays are given by Mr, 
Hughes to illustrate the character of the stone from the two principal 
sources, and kankar, containing a high percentage of carbonate of lime, is 
also obtainable : — 



Vindhyan 

Lauiota 


limoBtoiio. 

li mew tone. 

Carbonates of lime and magnesia . 

. 96*8 

. 94*5 

Oxides ol' iron and alumina 

. 1*2 

. 3*0 

Pbosplioric acid . . . . , 

tr. 

. tr. 

Insoluble ..... 

. 2*0 

. 2*5 


100*0 

100*0 


The following account by Mr. Hughes of the experimental iron manu- 
facture at Warora is quoted verbatim from his memoir. The comments 
of practical iron-masters on the results described by Mr. Ness are of 
sjiecial value and importance 
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The opening experimental trial by Mr. Ness, to determine the adapta- 
bility of the coal and iron ore of the Chanda district to the manufacture 
of iron on a commercial scale of some magnitude, was made ^ from the 
26th to the 28th August 1875. On the latter date, from the giving 
way of one of the tuyeres, and allowing water to get into the hearth, it 
got so cold that the furnace had to be let out, at which time about 2 cwts. 
of iron had been reduced, and was afterwards taken out of the hearth in 
one solid piece. The second trial with this furnace was commenced 
on the 21st and was closed on the 25th September 1875.^^^ 

The expenments were conducted in the same manner in both cases^ 
and were as follows^ : — 

The furnace, after being thoroughly dried, was filled for about three- 
fourths of its capacity with rough, dry timber, and then fired. On the 
top of this a few feet of charcoal were placed, and then regular charges of 
iron ore and coal, &c., were made, consisting of 1 cwt. coal to i cwt. of 
Lohara iron ore, \ cwt. llatnapur iron ore, 20 lbs. limestone, and an occa- 
sional blank charge of coal or charcoal. This course was continued until 
the furnace was full. In 24 hours after lighting the furnace, the molten 
slag began to come down into the hearth^ then blast was let on quietly, 
and three hours thereafter the slag made its appearance at the cinder notch. 
The pressure was increased to about IJ lbs. per square inch on the second 
day. During this time the slag formed, and came off in larger quantities, 
and the hearth quickly filled with spongy iron which would not liquify. 
To overcome this hinderance, the blast was intensified, and more blank*^ 
charges of coal were added. The temperature in the hearth increased 
and the fire-bricks, the tymp plate, and even the bottom of the hearth, 
were fused ; still the iron that had settled down was so mixed with the 
ashes of the coal that it would not liquify, and only kept accumulating 
till the iron reached the top of the tuyeres, and then a stop was put to all 
further proceedings till the mass was dug out, which was over a ton in 
weight.^^ 

Describing this first assay at iron-making to the South Staffordshire 
Mill and Forge Managers^ Association, in a letter, dated Warora, 5tb 
November 1875,^ Mr. Ness gives the analyses of the iron ores and 
coal, and then says — ^ You can easily calculate from the analyses I 
have given that the gross amount of foreign matter that would require 
to go into the furnace to make a ton of iron is not much in excess of 
many of the mixtures in use at home. I started the furnace in the 


* Public Works Department Proceedings for Maj 1876. 
’ Mining Journal. 25th December 1875. 
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usual way, possibly giving it a better chance in having it thoroughly 
dry, and filling it three-fourths full of dried timber before lighting it, 
and then filling regular charges of coal, limestone, and ore in the pro- 
portion of 2, and 1, respectively, with J charcoal * ; blast ^ was 
let on gently after the first appearance of slag before the tuyeres ; 
afterwards it was increased to a little over 3 Ifes. pressure to the square 
inch, and to about 500 cubic feet per minute in volume. At the end 
of the time named, I found the hearth full of spongy iron, and though 
I raised the tempemture by blank charges and extra blast till I melted 
even the fire-bricks forming the hearth, yet the iron would not liquify. 
On cooling down the furnace to get the mass of iron out, which was 
over 30 cwt., I found a great portion of it similar to what a puddled ball 
would be if it were left without being shingled. A number of pieces 
were cut off and worked in a smithes forge without any great difficulty. 
In the mass of iron in the hearth were embedded pieces of ashes from 
tlie coal which had dropped down and passed the tuyeres without being 
fused. At the tunnel-head I noticed that the coal rapidly decrepitated, 
which is doubtless due to the quantity of moisture it contains. This 
i in poveri shell coal then descended to the zone of fusion just above the 
tuyeres, with little or nothing left to do the work required of it.^^ 

The sectional diagram, which was communicated with the paper, 
showed that the furnace was 24 feet high ; that the top of the bosh was 
6 feet 6 indies in diameter ; that the top of the hearth was 2 feet 6 inches 
diameter, and that the bottom of the hearth was 2 feet diameter. The 
throat of the furnace was 3 feet 10 inches diameter, and the tunnel-head 
5 feet 6 inches; the tuyeres were 24 feet diameter in the nozzle, the 
hearth about 3 feet 6 inches deep. The blowing engine is a small hori- 
zontal one, with a receiver intermediate between the engine and the hot- 
air stove, which has four pipes. The air is heated with an ordinary 
grate and stove. 

In the discussion that took place after the reading of Mr. Ness' 
letter, one speaker showed how coal, not greatly inferior to that with 
which Mr. Ness had to deal, had been made available for blast furnace pur- 
poses, by holes being made in the furnace above the tuyeres and against 
the bosh, and the accumulated ashes and cinders raked out (two or three 
cart-loads at a time, three or four times a week). In this way the 
manager kept his furnace from ^ gobbing.^ The quality of the iron 

1 Whilst working, blank charge of coal in every 10 to 16 charges wns ndded. 

^ Temperature of blast 150° Fahr. The heating apparatus was mainly to dry the air, 
as when the experiments were made the air was saturated with moisture, the monsoou not 
being over. 
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by the coal, and the yield was less. The coal of which he had 
been speaking’ was that known as the ^ mealy grey/ or the bottom coal sean> 
of Staffordshire. With the Indian coal it was thought to be impossible to 
smelt the rich Indian ove in other than small quantities without an abun- 
dance of fluxing materials, A due admixture of the sirongly nllckms with 
the rich metallic ores of India would, it was assumed, contribute to this 
end. Even the majority of the coals of Staff oidshirc were too weak to 
carry a heavy burthen of iron stone, and some of the members l)elieved 
that Mr. Ness would best succeed by beginning his experiments with 
smaller furnaces* 

Other members, however, thought that the height of the funiaco 
might be increased with advantage. It was also jx)inted out that 
tlmiigh Mr. Ness had spoken of having well-aired his furnace, and 
of putting in blank charges, yet that it been found well, in Staffordshire, 
to consume a whole month in such work before a new furnace was 
charged with its full burden.^'^ {Mirihig Journal^ 5th February 1876.) 

The chief cause of failure in the attempt to produce iron by the 
blast furnace system is attributed by Mr. Ness to the unsuitablenes(3 
of the coal for the purpose. Mr. William Molineux, the President of 
the Association, agrees with him that the Warora coal contains a large 
amount of inorganic matter, and says that to deal with such coal con- 
siderable skill and experience is required. He also thinks that the position 
of the tuyeres in the furnace might be improved. 

It appears, from observations made by Mr. Ness, that the coal did 
not retain more than one-third of the fixed carl^on it had when charged, 
by the time it reached the zone of fusion ; and this feature of its be- 
haviour, together with its tendency to decrepitate, and the large amount 
of ash that it contains, led him to condemn its use in a blast furnace. 
The coal is evidently unfit to reduce hard refractory ores like those of 
Lohara and Pipalgaon \ with the softer ores of Bengal and Dechauri 
(Kumaun) it would probably answer. 

After the completion of his preliminary trials with the blast furnace^ 
Mr. Ness put up roughly a small reverberatory furnace, to sec the 
action of the coal when burned on a separate grate, whether it was 
capable of melting and boiling grey cast-iron. Although the trial fur- 
nace was of a rude description, and without a proper reverberatory arcb^, 
the time taken, and the quantity of coal used, did not appear to be 
much ill excess of what is commonly reijuired for such purposes. This 
result convinced Mr. Ness Hhat, with a regenerative furnace, both 
quantity and intensity of beat can readily be obtained from Warora coal 
for the reduction of the iron ores by a direct process.^ 
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The last experiment has been to pulverise the ore, mix it with milk 
of lime, make into balls, and expose to the heat of the reverberatory 
furnace. This plan answered very welL^^ {Mining Journal, 26th Febru- 
ary 1876.) 

Mirzapur District. — So far as is known, there are no especially abun- 
dant sources of iron ore in this district. The principal ores are mag- 
netites, which are found in bands in the metamorphic rocks and the 
ordinary concretionary nodules and bands in the sandstones of Barakar age. 
The former are worked by the natives, according to Mr, Mallet* at Korchec 
close to the Panyun stream to the east of the Gonda hill. At other 
localities the deposits are of less extent ; magnetic sand is common in 
many of the streams, but is not used. 

Rewah. — There is little detailed information as yet available regard- 
ing the extent of the iron deposits in Rewah. Here and there there are 
native furnaces scattered about, and it is believed that the ore, which is 
principally used, is derived from the coal-measure rocks. Some informa- 
tion on the iron industry in Singrowli, in the year 1854, will be found in 
a paper by Mr. W. Roberts,- but it offers no information worthy of 
special notice, save, perhaps, the fact that Mr. Burke, who had charge of 
the coal minjs at Kota, succeeded in making iron from ore obtained at 
Iliiidowa, which was suj)erior to that made by the natives, but it did not 
fetch a remunerative price in the market. 

Bundelktiand. — There are two principal sources of iron ore in Bun- 
delkhaiid ; these are the laterite and the rocks of the Bijawar series ; 
the latter is the most important. The inferior lateritie ore used 
not to be much worked by the natives, except in the hills to the 
north of Simereah. It was not considered by Mr. Medlicott^ to be 
sufEciently abundant to be worked on the large scale. The Bijawar ore 
is similar to that of the Narbada valley, being a sub-crystalline red 
hsematite ; but it has the superior advantage of being more easily worked, 
being associated with soft rock, and is itself generally purer. 

Banda District. — In this district there are mines at Gobarhai, Deori, 
and Khirani.*’ Those at Gobarhai are situated on the top of a hill, 
li mile from the furnaces. In some parts of Bundelkhand Mr. 
Medlicott states that the positions of the furnaces show that they 
have receded gradually from the mines as the fuel has been used up. 

1 Records, 0. S. I., Vol. V, p. 22. 

2 Selections li’om Records, North-West Provinces Oovcnmieiit, newserics, Vol. Ill, 
p. 149, 

Mern,, G. 8. I,, Vol. II, p. 89. 

* North-West Provinces Gazetteer, Vol. 1, p. 97. 
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In the refining furnaces at Gobarhai charcoal made from the bamboo is 
alone used. 

Lalatpur District. — At Saida, in the Maraura pargana, a pure 
haematite is found, and soft iron is smelted from it, which is exported to 
Sagar, &c. There were, in 1874, 53 furnaces at work, for each of 
which an average annual payment of Rs. 5 was made to the Forest 
Department on account of the timber used for charcoal. This iron is 
sold at from 10 to 20 seers for a rupee. But another kind, called hlieri^ 
IS prepared at Piira and is of a steel-like character. 

Central India : Bijawar State. — In this State, as also in Panna 
and some others in the Central Indian Agency, iron ores are worked to a 
greater or less extent. Ilirapiir* in Bijawar was formerly, if it be not 
still, a principal centre of manufacture. There were iron mines also in 
several localities near the Kane river. The most important deposits in 
Central India, however, are believed to be those in Gwalior. 

Gwalior. — The rocks of the Gwalior series, in the State of the 
same name, which constitutes the territory of the Maharaja Sindia, 
contain several remarkably rich deposits of iron ore. These were for- 
merly extensively worked, but are now more or less deserted in conse- 
quence of the distances to which the ore has to be taken to the furnaces 
which are situated near the fuel. The following are the principal iron 
mines mentioned by Mr. Hacket : — 

Par Hill, Lat. 26° 2' SO''; Long. 78° 5'. — The beds near the top 
of this hill consist of variegated clays in which the iron ore occurs in 
thin laminae. The hill has been extensively burrowed by the miners 
and a large proportion of it has, in fact, been carried away. 

Mangor. — This locality is situated in a narrow valley, about 3 miles 
north-north-east of the Par hill ; the ore is of similar character, being 
on the same horizon. The richest seams are worked by shafts 30 to 
40 feet deep, but there are mines at other points too. 

Santow, Lat. 26° 6' ; Long. 78° 10'. — The workings here are 
confined to a limited space. The richest seams are reached by shafts 
from 50 to 60 feet deep, from which small galleries are extended. 
These ores belong to the same horizon as those at Par and Mangor. 

There are smaller mines at intermediate localities, and the ores have 
a wide extension. The selection of the particular spots is due to the 
ore being locally decomposed at these places and therefore more easily 
worked. It is sold at the pit's mouth at the rate of 60 to 70 maunds 
for the rupee. 

' Jour. As. Soc. Bengal, Vol. XIII, Proc, VI. 

* Records, G. S, I.. Vol. Ill, p. 42. 
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The following* detailed statement is taken from a report drawn up by 
Herr von Schwartz during the present year 


Name of the Village 
uear the place. 

Name of Specimen. 

Average contents 
of iron metallics ' 
in per cent. i 

How many miles ^ 
from the forests . 

1 

1 

How many miles i! 
from Gwalior. \\ 

il 

Rxmabks. 

Santow .... 

Red iron ore. 

66 

60 

7 

Contains partly manganese. 

MacHora 

,, *» 

60 

60 

9 


Gokalpur 

tt »• 

65 

60 

2 

> These iron ores occur in very 

Dharoli 

f* •« 

63 

66 

8 

great quantities. 

Bnmaori 

»♦ »» 

66 

60 

10 

J 

Raypur 

>> It 

71 

60 

8 


Gokalpur 

Magnetic ore. 

70 

60 

2 


Girway .... 

ft 

66 

60 

8 


RpRides these there are others of iufonor quantity (?) 



Ihnaori, &e., Baroda . 

Brown iron ores. 

46 

20 

46 

Contains manganese. 

Tonilia. 


46 


70 


Sipri (tcTurwaya 

SilioiouH haematites. 

46 

84 

64 

liurge quantities. 

Goonjors, &c., Baron . 

Brown irou ores. 

62 

20 

80 



According to this authority there are but small traces of sulphur and 
none of phosphorus in these ores. 

At about 50 miles to the north-west of Gwalior there is a forest, 
which, it is estimated, would, without re-planting, furnish fuel sufficient 
for an outturn of 12 tons of bar-iron a day for a period of 900 years. 
On the su])position that one square mile of this forest would yield 15,000 
tons of timber, the total available amount is caleulated to be 56,000,000 
of tons; the charcoal is said to weigh 17 pounds per cubic foot, and costs 
only 4 annas a maund, while the German and Styrian works pay three 
times that amount for charcoal weighing only 12 pounds per cubic foot. 

Fire-clay suitable for making bricks for ordinary purposes has been 
discovered at Girway, near Tisroan, 35 miles south-west of Gwalior. 
Limestone is obtainable and the manganiferous iron ore might be em- 
ployed in the manufacture of S'piegeleisen, 

If the above figures with reference to charcoal can be depended upon, 
Gwalior certainly seems to offer a promising field for the manufacture, 
though the distance which the ore would have to be caiTied is consider- 
able and would be prohibitive if railway carriage were not available ; but 
the experience of Indian forests generally — and especially of those in the 
comparatively dry region in qi^estion — suggests the probability that the 
above estimate as regards fuel is not to be relied on. 

Bajputana. — Iron ores are pretty generally distributed throughout 
the different States and districts comprised in Kajputana. More particu- 
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larly noteworthy are the deposits found in Alwar, Jaipur^ Udepur^ and 
Ajrnir; there arc also mines in Bhartpur, Bundi, Jodhpur, Kota, &c. 

Alwar State : Bhangarh, Lat. 27° 6' E. ; Long. 76° 21' N. — Iron 
ores, consisting of a mixture of Hmonite, magnetite and oxide of 
manganese, occur near the base of the Arvali series of rocks close to 
Bhangarh, where they are extensively mined. A sample contained 59*67 
per cent, of iron and 12*7 of manganese. Traces of nickel have been found 
in these ores. The excavations are several hundred yards long, and in 
places 20 or 30 wide, and it is evident that an enormous quantity 
of ore has been taken from them. They at present supply ore to most, 
if not all, the furnaces in the Alwar State. There are similar large mines 
at Ilajgarh, lat. 27° 14' ; long. 76° 40' 30''; but they are not now worked. 
The above information is from papers by Mr. C. Hacket. ' In 1873 
Major Cadeir^ wrote regarding this industry, that there were thirty fur- 
naces in the State, which produced 15,000 maunds, or 536 tons per annum. 

The charges of the furnace were large and the smelting lasted for 
20 hours. The resulting bloom or ball of iron weighed from 200 to 280 
pounds. The proportions of ore to fuel, as stated, namely, 520 pounds to 
440, are unusual, and suggest some mistake, as in most native furnaces the 
quantity of fuel bears a much higher proportion to the ore. The sale price 
of the iron is Its. 112 per ton, and the profits on the cost of manufacture, of 
wliich the details are given, are small, having to be divided between the 
families, including some 60 or 70 persons per furnace. The royalty is 10 
per cent. 

In 1875 there were more than 30 furnaces in the State, some of them 
being situated at Rajgarh, Tahla, and Baleta. One kind of imported 
iron, locally called kheriy is preferred to that made in the country, but 
costs twice as much. For fine work English rolled iron is used, being 
neater than the softer country hammered iron. 

Jaipur State : Kerwar, — L arge quantities of iron ore have been 
raised at Kerwar, near Hindaun, but the mines are now abandoned in 
consequence, Mr. Hacket thinks, of scarcity of fuel. 

Ajrnir District: Ajmir, Lat. 26® 28'; Long. 74® 41' 30'". — There 
are some old abandoned iron mines near the jail in the city of Ajmir, but 
the produce cannot have been considerable. 

Udepur State: Gangar. — A n iron mine exists 1 mile north of 
Gangar and 10 miles north of Chi tor. It is in a bed of limonite, with 
which psilomelane is associated, of from 1 to 5 or 6 feet thick ; it is at the 
junction of the quartzites with the slates, Mr. Ilacket considers it 

’ Kecords, G. S. I.. Vol. XIII, p. 248; and Ulwar Gazetteer, p. 183. 

^ Uhvur Gazetteer, p. 80. 
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probable that an abundant supply of ore could be obtained there. A few 
furnaces at Gangar are at present supplied with ore from this mine. 

There are also some small mines, now abandoned, at Barundui, 1 
mile south of Bara Sadri and 20 miles west of Nimach ; the ore is 
limonite. 

Central India : Nimar and Malwa. — Indore territory has long 
borne a reputation for producing iron, and in the Aiii-i-Abkari the 
steel mines of Indore are alluded to, together with those of Nirmal in 
Hyderabad. The principal localities proceeding down the Narbiula valley, 
where there are mines, are at Chandgarh, Ponassa, Barvvai, Kandicote, 
Bagli, &c. There has been much written on the subject of these ores, and 
their applicability to the production of iron for the manufacture of rails ; 
but at Barwai only, under the energetic and persistent efforts of Colonel 
Keatinge, did any of the various projects assume a tangible form ; and 
how far even this one failed to realise the object aimed at will be seen 
from the following. 

Barwai. — The ore at this locality is found in irregular masses of 
breccia, the matrix of which is chiefly brown hmmatite. It occurs in the 
Bijawar rocks; it is, according to Mr. Blanford,^ doubtful wliether 
there is a distinct bed, but it is a rich ore and is found in several places. 
There are old mines near the villages of Nandia, Korundia, Chutee-Modri, 
and Karrampura within a radius of 4 or 5 miles of Barwai. In some 
cases the ore is a pure red haematite ; in others it is siliceous and would 
not be easy to work. Samples of ore from Nandia gave from 18*15 to 
43 '43 per cent, of iron.^ 

In the year 1860 Colonel Keatinge, while on furlough, was deputed to 
Sweden by the Secretary of State, with a view to obtaining* practical 
information as to the best method of starting iron manufacture at Barwai 
on the Swedish system ; plans were drawn up at Stockholm by Director A. 
Grill, the head of the Swedish Iron Comptoir, and on his recommendation 
an accomplished Swedish metallurgist, Mr. Mitander, was selected as 
manager of the proposed manufactory. A statement, dated September 
1861 , from which the above facts are taken, ^ gives a number of interesting 
details in reference to the preliminary arrangements which had been made. 
The ore of the Nandia mine, which was a limonite found in globular lumps 
in an ochreous rock, yielded on an average 34*78 per cent of metal, while in 
the better qualities the average exceeded 50 per cent. Of this ore upwards of 
400 tons had been raised, but from another locality, which was christened 

» Mem., G.S.T.,Vol. vr, p. 377. 

^ Blackwell, . I. II., 1857. Selections from Rccordfi, Bombay Government, No. XBIV. 

p. 7. 

^ Engineers’ Journal, Calcutta, Vol. V, 1862, p. 87. 
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Mitanderpiir, a still richer heematite had been obtained, and of it 600 tons 
had been raised. The flux was a magnesian limestone, which might per- 
haps have not been well adapted, owing to its containing 19*25 per cent, 
of magnesia to 32*47 of lime. Fuel for charcoal had been prepared, and the 
blast furnance, casting-house, rolling-mill, charcoal ovens and calcining 
kiln, &c., were all in process of erection or were completed, and, after some 
failures, good fire-bricks had been produced. Soon after it is believed 
that operations were about to commence, when Mr, Mitander applied for 
some European assistance, but the Government declined to incur further 
expense,^ and the works were offered for sale towards the beginning of 
1863, it being decided that in so far as Government was concerned the 
exf>eriment had gone as far as was expedient. The expenditure up to 
April 1854 had been £25,000, but although the works were offered to 
the highest bidder above £5,000 it does not appear that there were any 
offers, and Mr. Mitander returned to Europe without, so far as is known, 
having placed the results of his experience on record, at least without 
having done so in a form which would be of service to any one who 
attempted again to start charcoal iron works. 

It may be of interest to add that Barwai is 30 miles distant by rail 
from the station of Khandwa on the Great Indian Peninsula Railway. 
It is 34 miles distant from Mhow, and 47 from Indore. 

Bombay : Ratnagiri District. — Throughout the Konkan laterite is 
widely distributed, and in places it contains rich iron ore, which formerly 
used to be largely manufactured into iron in native furnaces at Malwan, 
Vingorla, and other places. Near the first-mentioned locality either mag- 
netic or hasmatitic ores appear to have been also obtained by Dr. Gibson 
in association with metamorphic rocks. Already, in 1844, competition 
with English iron and increasing scarcity of fuel was beginning to tell upon 
the local industry, and it is probably now extinct. Besides the above- 
named authority, Dr. Royle and Mr. B. G. Shastrahave described the iron 
ores of this region, and the latter has given a figure of the form of 
furnace in use.^ 

Sahara District. — In 1837 Colonel Sykes ^ wrote that the only 
metallic ore found in the Deccan was of iron which occurs as a nodular 
hiematite associated with laterite ; it was the ore from which loootz or 
steel was manufactured. The principal place where it was worked was 
Mahableshwar, near the source of the Kistna. 


‘ Proceedings, Public Works Department, 1863-64. 

* Jour. Bombay Branch Uoy. As. Soc., Vol. I, pp. 139 and 436. 
^ Madras Jour, of Lit. and Sci., Vol. VI, p. 364. 
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Surat District. — Iron ores are reported to occur in the Balsar and 
Pardi sub-divisions, and there, as also at Bodhan in the Mandvi sub- 
division, slag, the refuse from former furnaces, has been found ; but the 
trade of the smelter is now no longer practised. Magnetic sand is said 
to accumulate at the mouths of the rivers, more particularly at the 
Dumas side of the Tapti. ^ 

Kholapur State. — A brief account of the manufacture of iron in 
this State is given by Major Graham,^ in his report published in 1854. 
Three varieties of ore were recognised, namely, horegahy shilgay and iatha. 
It seems probable that they were derived from the laterite; they are said 
to have occurred principally in the districts of Vishalgarh, Cunala, and 
Kohlapur ; the mines were shallow pits, never excavated below a depth of 
8 or 10 feet. It is stated that the furnaces were simple holes in the 
ground, lined with moistened clay and powdered Hint. The proportion of 
metal produced was 33 to 66 per cent, of the ore. This seems incredible 
and is probably a mistake. It required the labour of 56 men for two days, 
and an expenditure of Rs. 28, to j)roduce a ton of metal, which sold for 
from Rs. 37 to Rs. 42 \ the quality of the metal was bad. The number of 
furnaces in the State was 30, and the annual outturn of metal 225 tons. 

Sawantwari State. — Iron ore is found in the three divisions of this 
State, but is said to be not very abundant.^ It appejirs to be lateritic ; 
it is smelted in smalt bottle-shaped furnaces. ' A sketch of one by 
Mr. Wilkinson is given in Mr. Footers account of the South Mahratta 
country. ^ 

Panch Mahal District. — Iron ores of considerable richness are said 
to occur in the Godhra village of Palanpur, and near Jambughora and 
Surajpur in Narukot. Both in the Panch Mahals and Narukot traces of 
former smelting works exist, but there are none now in operation.^ 

Kaira District. — There is no information as to the nature and ex- 
tent of the ores in this district, but large heaps of slag at Kapadvanj 
testify to the fact that they were formerly worked there.® 

Rewa Kantha District. — Iron was formerly worked extensively in 
the western parts of this district close to Jambughora. The ground is so 
widely covered with slag that it must be concluded that it was the 
site of extensive iron works. Towards the south of the district, at 

* Bombay Gazetteer, Vol. II, p. 38. 

* Selections from Records, Bombay Oovornment, No. VIII, p. 34. 

^ Op. ciL, No. X, p. 44. 

< Mem. G. S. I., Vol. XII, p 267. 

* Bombay Gazetteer, Vol, III, p. 107. 

* IdeAH, p. 16. 
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Sunodra, 25 miles west of Nandod, there are large mounds of slag. A 
sample of this on analysis gave the following result, which testifies ta 
the imperfection of the method of smelting : — 


Silica 

Alumina ...... 

. 6*39 

Lime 

. 10-J.9 

Iron protoxide . - . * . 

. 28*96 

TiOss, 

. 1*5.: 

Magnesia and manganese . 

tr. 
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Good ore is said to be found at Bhclod, near Ratunpur, and at Tadkesar, 
not far south of the Rajpipla border. Piles of slag mark the sites of old 
furnaces, but the present inhabitants neither know its nature nor origin, 
nor have they any tradition of iron having been manufactured in that 
part of the country. ^ 

Ahmedabad District.— Tn this district, too, slag afforus the only 
testimony of the former existence of iron works. The mission-house 
near Gogha is said to be built on a mound of slag. ''" 

Kattywar. — A very complete account by Captain G. Logrand Jacob 
describes the iron industry in Kaf ty war, as it was in the year 1 838.^ There 
were six groups of furnaces, of winch two, situated respectively at 
llanawao and Ranpur, had been visited bv Captain Jacob. The ore 
appears to be of lateritie ago, as it is in some cases obtained by means of 
pits sunk through the alluvium which indicates a mode of distribution 
only compatible with the rock being I 'torilc. The positions of the fur- 
naees were chosen with reference to the vicinity of available fuel. 

The furnaces were of an unusual shape, as already mentioned in the 
introduction to tins chapter, and indeed, it the figure of one which is given 
be correct, of very remarkable and exceptional character. Prom it, and 
fr^m the accompanying desci’iption, it would appear to have been somc- 
tbing ot the nature of a reverberatory furnace, except in the essential 
particular that the ore was placed in partial contact, though not mixed 
with the fuel. The furnaces were long and narrow (dimensions not 
given), and were built of brickwork lined witb clay. At one end 
there was a chimney, and close to the other extremity there were 

^ Fulljanios, Major .T. Selections from Records, Bombay Government, No. XXIII, p.109. 
Blanford, W. T. Mem., G. S. I., Vol. VI, j). 378. Campbell, J. M. Bombay Gazetteer 
Vol. VI, p. 11. 

Campbell, J. M. 0;?. cit., Vol, IV, p, 22. 

'' SelectiouB from llccordH, Bombay Ooveriimcnt, No. XXXVII, p. 465. 
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two apertures on opposite sides; through one o£ these the blast from 
the bellows was driven over the ignited fuel, and by the other the slag was 
withdrawn. The ore was placed in hollows on a bed of charcoal, and 
was coverc,^ with a layer of the same but was so arranged as to be on 
either side of the stream of air. 

The bellows consisted of two bullocb hi'^es sewn round bamboo hoops 
in vertical rings and worked alternately by downward pressure, the. 
operator closing the mouth of the ^ack with his hands as he weighed upon 
it with nis chest '^nd arms. The furnace held little more than seven 
Bombay maunds, which took from six to eight hours to melt. The 
Bombay mannd was equal to ^ 0 seers, each of which weighed 26 Bombay 
rupees ; the equivalent therefore, taking the rupee at a tola, would be 
about 2 cwo. The metal taken from the first furnace was refined in a 
second, was then bplit into equal parts and then wrought into bars ; 
during the manipulal'oii the men used their feet, protected by sandals, 
almost as much m,s their bands. Captain Jacob calculated tbac 40 per 
cent, of metfil w^s obtained from the ore ; the workmen said that the 
direction of the wind affected the outturn, five maunds being obtained 
from a double charge of tL. fur^ia^e, during westerly winds, and seven 
mauT'ds when it blew from tibe east. This they accounted for by saying 
that metals were liite nr.ori>al&, some climates agreeing with them better 
than others. The true explanation was possibly the comparativ vigour 
of the men who worked the hello v^s under the influence of moist and dry 
winds respectively. 

Cajitain Jacob says chat it was difficult to witness witliout pain the 
struggles of these men for a subsistence, which, owing to competition 
witli English iron, was yearly becoming more arduous. His estimate 
of the total outturn from the six foundries was 150 tons per annum. 
The best quality was sold at a rate equivalent to lis. 2-H-6 the Bombay 
maund. Foreign iron being subjected to a fixed tax, and the country 
iron being, on account of its superior malleability, better suited for special 
purposes, were circumstances which combined to keep the industry alive ; 
but Captain Jacob predicted its extinction, and this, it is believed, has 
actually since taken place. 

Outch, — In the year 1840, Captain Grant^ described the manufac- 
ture of iron in Cuteb, which was conducted 'according to the ordinary 
Indian method, but the trade was then la a languisbing condition, and 
it has now, owing to competition with English iron and scarcity of fuel, 
become wholly extinct. 


* Trnns. Geol, Soc. Ijondou, Vol, V, sccoml series, p. 29b. 

A 1 
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The ore which was used is found in the laterite of the siib-nummu- 
litic group, and in some ferruginous deposits near Bhachan. The manu- 
facture was chieliy carried on near Bhachan, where, in 1851, 700 maunds 
were made. Lunva and Dudhai, in the east of the central plain at Madh, 
in the west of the province near Vitroi in Vagad, and at Kaura in 
Pacham island. 

According to Sir A. Burnes, the manufacture at the last locality had 
ceased before 1827. The metal was produced there at the rate of 8^ cwts* 
to 16 cwts. of ore. Cutch iron is believed to have been of good quality.* 
It is said that wootz or steel used to be produced there. 

Sind. — Iron ores are not very abundant in Sind, but owing to the 
want of fuel this is not of much importance. Mr. Blanford^ states that 
the most prolific sources of ore are in the passage beds between the Kirthar 
and Ranikot (tertiary) groups north-west of Kotri, especially in the 
neighbourhood of Lainyan and cast of Bandh Vera. The beds are in 
many places 15 to 20 feet thick, but only a portion is suflSciently ferru. 
ginous to be called an ore of iron. Masses of magnetite, and bands of red 
and brown haematite, occur, however, at many places. The same bed exists 
west and south-west of Jhirak, but it is not so rich there. 

Some ferruginous rocks occur in the beds at the base of the Manchar 
group, where the latter rests upon the Kirthar limestone near Bandh 
Vera, and at the base of the Laki range, but, in the presence of the above- 
mentioned richer ore, it is not likely that this can ever be of much value. 

Afghanistan. — In the year 1846, according to Captain Hutton,^ the 
supply of iron ore for Kandahar came from Ubbergoon, three days^ journey 
south of Peshawar; it was sold by traders at Pirmul near Ghazni. 
There were three qualities of metal, which ranged in price, at Kandahar, 
from 5 to Hi annas, or double what they cost at Pirmul. The distinc- 
tion was produced by the number of heatings to which the varieties had 
been subjected. The duty amounted to one-fortieth of the value. 

Magnetic and haematite ores are said to occur in the Hazara 
country, and a clay ironstone in the tertiary rocks at the Bolan. Iron 
pyrites is found in the trap at many places, but is not used. Sulphate of 
iron derived from its alteration is collected in some places. 

Captain Drummond^ has described tlie manufacture of iron in 
Northern Afghanistan, and pointed out its imperfections at some length. 

* Wynne, A. B. Mem., G. S. I., Vol. IX, p. 87; and Bombay Gazetteer, Vol. V, p. 19. 
Raikes, Lieut. S. N, Selections from Records, Bombay Government, Vol. XV, p. 72. 

2 Mem., G. S. I., Vol. XVII, p. 193. 

3 Cal. Jour. Nat Hist., Vol. VI, p. 593. 

^ Jour. As. Soc. Bengal, Vol, X, p. 83. 
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The process is identical with that in practice in India ; he specially com- 
ments on the absurdity of carrying the crude or kachcha iron to places 
such as Kabul, where, at a great expenditure of labour and fuel, it loses 
one-third of its weight before it is converted into the useful article. The 
carriage of the refuse alone to Kabul costs, he estimates, Rs. 1,000 per 
annum. It is stated, however, that the Bajaur iron, which was made of 
magnetic sand, was in great demand in Kabul, and was used in the 
manufacture of matchlocks at Kandahar ; in Kashmir it sold for three 
times the price of the local iron. 

Captain Drummond also mentions the iron of Foormool, which is 
perhaps the Pirmul of Captain Hutton. It was situated in the Waziri 
country near Kanigaram, but regarding the iron ores and manufacture 
of this region we are in possession of some more recent information. 
During the Waziri expedition of 1860, Dr. Stewart,* who accompanied 
the force, made some observations on the geology. With reference to the 
iron ores, he states that for days evidences of the iron manufacture, for 
which Kanigaram had long been famous, had been visible in the form of 
furnaces, slag, and stores of ore in the villages, but ho failed to reach the 
mines. Subsequently, he forwarded two samples of ore, one of which 
proved to be limonitc containing 40 ’4 per cent, of metal, and the other was 
the same ore mechanically mixed with carbonate of lime and contained 
31*8 per cent, of metal. 

Dr. Verchere,^ who has described the geology of this region, states 
that the ore occurs in shaly beds below nummulitic limestone ; it is first 
roasted and becomes black and highly magnetic. As he did not witness 
the process, nor obtain any information directly from the people, it seems 
that some caution is necessary in accepting the following statement, as it 
indicates a different system of smelting from that in practice else- 
where in India. It is stated that in the reduction of the ore a flux made 
of the nummulitic limestone, or pieces of coral, is employed. In a house 
at Mackeen, where there were two furnaces, identical with those used in 
Kashmir, heaps of ore, charcoal and limestone were seen, which had 
evidently been collected for smelting. In spite of the use of this flux 
the iron is only smelted into a pasty, not fluid, condition, and it is refined 
by hammering. Their on is soft, but has a tendency to exfoliate. In an 
account of the process given by Mr. Baden-Powell,^ no mention is made 
of the use of a flux. 


» Jour. As. Soc, Bengal, Vol. XXIX, pp. 817, 319. 

Idem, Vol. XXXVI, p. 20. 

^ Punjab Products, p. 8. 
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According to Captain Drummond, this iron cost, at Kabul, only three- 
fourths of that from Bajaur, the prices being in Dost Mahomed^s time 
Bs. 6 and Rs. 8, and in 1841 Rs. 9 and 12, respectively, for a maund of 
48 seers. 

Punjab. — Although the noblest specimen of the Indian ironsmith^s' 
art, the Delhi pillar, is found within the limits of the Punjab, this 
province is not notable for the production of iron at present. Iron ores 
are indeed found in several of the districts, but the Punjab is to a great 
extent dependent for its supplies of even native metal on neighbouring 
territories. The facilities for manufacturing iron in the province on the 
large scale are certainly less than elsewhere, fuel is scarce, and the iron 
ores are generally not easy of access. 

Bannu District. — Iron ores are said to be found in abundance in the 
hills to the south-east of Bannu. At Kalabagh, the metal from these 
ores is in great demand for making nails, cooking utensils, &c.^ Whether 
the ore occurs in concretionary masses or in beds is not known ; it appears 
to be an earthy ha3matite. 

Peshawar District. — The iron ore of Bajaur has long been famous. 
It is believed to be black magnetic iron sand. As already stated, the iron 
made from it is exported to Kabul, where it is held in higher esteem than 
the Waziri iron. The ore is said to be sold in Peshawar and smelted 
there, when it brings from Rs. 3 to Rs. 6 per maund ; it is largely used 
for making metal for gun -barrels, &c. 

Salt-range. — The opinions of both Dr. Fleming'-^ and Mr. Wynne^ 
are unfavourable to the prospect of any considerable deposit of iron ore 
existing in the Salt -range. The known ore consists of nodular masses 
or inconstant layers of an earthy haematite resembling laterite. 

Jhelam District : Kot Kerana, — The Kot Kerana hills, which do 
not belong to the Salt-range, are said by Dr, Fleming to produce an 
abundant supply of haematite. Dr, Henderson'* made some successful 
experiments with this ore, and produced a few maunds of metal. Fuel 
has become more scarce than it was in Dr. Fleming's time, and there 
seems to be no prospect of a profitable manufacture of iron being possible. 

Kangra District : Ciiota Bang ah al, Kohad. — An abundant supply 
of magnetic and micaceous ores of iron are found at Kohad in meta- 
inorphic rocks. The preparation of this ore for the native furnaces in- 
volves pounding and washing to get rid of the matrix. 

’ Punjab Products, p. 8. 

= Jour. As. Soo. Bengal, Vol. XVII, pt. II, p. 617. 

» Memo., Q. S. 1., Vol. XIV, p. 283. 

^ Jour. As. Soc. Bengal, Vol. XXIlI.p. S2. 
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A report ou the production of iron at this locality was written in 
1873 by Dr. Warth.* He suggested the erection of a blast furnace and 
tilt hammer to improve the native methods. The proposition with refer- 
•ence to the blast furnace was not adopted by the Punjab Government, 
but a sum, not to exceed Rs. ^,000,"^ was granted to Colonel Paske to 
make experiments in the proposed methods of improving the outturn 
and economising the fuel, &c. The results are not known. 

Similar ores occur at Shele to the east of Simla, and both according to 
Mr. Medlicottj are on the same geological structure as the ores at Ram* 
garh in Kumaun. 

Mundi State. — According to Mr. Calvert'^ there are considerable iron 
mines in Mundi ; the ore is in the form of sand. 

Kulu District. — Very little is known regarding the iron ores of 
this district. Mr. Calvert says that iron from neighbouring states is 
brought in large quantities, and sold at the annual fair in Kulu. 
Saucepans of beaten iron and large boilers for sugar, &c., are in con- 
siderable demand. The secret of preparing steel for swords consists, 
he states, in making use of charcoal from a species of euphorbia with pods 
of silken fibre. The plant so indicated is doubtless the madar {Calatropis 
gigantea), which is however not a euphorbia but an asclepiad. It may be 
that Mr. Calvert heard of the use of the leaves of this plant in the pre- 
paration of wootz in Southern India, as has been described on a previous 
page. The use of charcoal prepared from the roots of this plant in the 
manufacture of gunpowder is well known. 

Sirmur State : Nahan. — The Raja of Sirmur enjoys at the present 
moment the position of possessing the only iron blast-furnaces in India 
which are, or are about to be, put in operation. During the past year, the 
browing engine, which is of considerable size, was first started by the 
Governor General towards the end of last year. The foundry is stated to 
be fitted up with all modern appliances, and is under the direction of an 
^accomplished manager. It is intended to convert the iron, and should the 
project be carried out, rolling-mills will, it is stated, be erected. The 
outturn of hot-blast pig from the new furnace is estimated to amount to 
50 tons per week. 

The ore to be used is stated to be magnetite, probably mixed with 
specular ore ; it is obtained at Chaita, some 24 miles distant, by rugged 
roads, and for some time will have to be brought upon pack-mules. The 

» Punjab Products, p. 8 ; and Mem., G. S. I., Vol. XIV, p. 284. 

* Vide Indian Economist, Vol. V, p. 216. 

» Mem., G. S. L, Vol. Ill, p. 178. 

^ ‘ Kulu,’ pp. 10, 91. 
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fuel is charcoal from the forests, and it has also to be brought from a 
considerable distance, as also has the flux. These are serious impediments 
in tlie way of making the foundry a paying concern, but on the other 
hand, as the materials are on the Kaja^s land, there are some specially . 
advantageous features in the undertaking. 

Gurgaon District : Ferozpuu. — The iron ores of Ferozpur and the 
process of smelting them were described 50 years ago by Captain Boileau,^ 
and in 1873, the district officers were called upon for information regard- 
ing them in connection with the enquiries made by Government as to 
the distribution of iron ores in the provinces of Northern India. 

The ores are probaby brown ha3matites, and they occur in rocks of the 
Arvali series. There is nothing to show that the deposits possess any 
special value, and there would certainly be a scarcity of fuel. 

North-West Provinces : Kumaun. — The first and most noteworthy 
point in reference to the iron ores of Kumaun is the extent of the litera- 
ture to which they have given rise during the past 26 years. In fact, 
the amount of iron which has been manufactured bears but a small pro- 
portion to the number of the reports which have been written upon the 
subject. Apart from the fact that access to these reports may be had by 
those who are specially interested, it would seem to be only adding to 
the incubus were it attempted to give a detailed resume of the contents 
of these reports. It will be sufficient perhaps to state their most salient 
features here, and then to state briefly the ultimate conclusions as to the 
facilities for iron manufacture which are afEorded by Kumaun; for this 
latter purpose, the most recent report, which is by Mr. Hughes, supplies 
part of the necessary information, and the remainder, which refers to the 
latest operations, in 1877-79, is derived from some notes kindly supplied 
by Mr. A. Campbell. 

The existence of valuable iron ores in Kumaun was first brought to 
notice by Colonel Drummond in the year 1850, and a paper by Mr. J. 
O’B. Beckett^ on the iron and copper ores of Kumaun, was written in the 
same year. He describes the native processes of manufacture, &c. In 
1852 Colonel Drummond published a paper in London on the same 
subject. 

In 1855, a well-equipped party of miners and smelters under the 
superintendence of Mr. W. Jory Hen wood was sent out to India by 
the Honourable Court of Directors, to report on the iron and copper of 
Kumaun, The report,^ which appeared during the course of the same year, 

* Gleanings in Science, Vol. Ill, p, 827. 

2 Selections frona Records, North-West Provinces Government, Vol. Ill, new series, p. 22. 

^ Selections from Records, Government of India, No. VIII. 
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was not ali:ogether favourable to the views which had previously been 
expressed as to the feasibility of manufacturing iron at the foot of tlie 
hills, and somewhat strangely Burrulgaon was selected as the most suit- 
able site for a trial blast-furnace, but it was not expected to be a com- 
mercial success, and, considering that it was situated at 60 miles distance 
from the plains, it is difficult to conceive how any successful result could, 
under any circumstances, have been expected, Mr. Henwood^s object, 
following his instructions, was, however, to teach the natives an improved 
method of manufacture, and for this purpose the locality chosen was, no 
doubt, the most suitable. 

At the same time Mr. Sowerby was sent on a roving commission by 
the East Indian Railway Company to enquire into the nature and extent 
of the iron ores, and his opinions were expressed in language of very 
emphatic antagonism to those of some of the previous writers. 

In 1856, a report by Major, now General Sir Richard Strachey, was 
published on a project for the establishment of iron works in the Kumaun 
Bhabar. In this report, the practicability of manufacturing iron from 
the materials available, the probable outlay on the proposed works, and 
the profits to be expected from the manufacture of pig and bar iron, were 
fully discussed, and Dechauri was considered by General Strachey to be 
the most favourably situated locality for the works. The final estimate 
of outlay on these works was Rs. 15,75,000, and the return was calcu- 
lated as follows : — 

1,300 tons cast-iron — 

Pig iron at Rs. 60 per ton . \ Rs. 

Castings at Rs. 120 per ton . ; say . 100,000 

Average Rs. 77 per ton . / 

3,600 tons of wrought bars — 

Average Rs. 140 per ton .... 490, 0(X) 

690,000 

Deduct annual outlay .... 480,000 

Balance giving CJ per cent, on outlay 104,000 

From Dechauri to Rurki the expense of carriage, Rs. 15 per ton, 
was to be added to the above prices. 

Slight alterations in the data upon which the above estimate was 
made give very different results in either direction, but for these reference 
must be made to the original paper. 

In 1857, the Government, with the avowed intention of demonstrat- 
ing the possibility of making the manufacture of iron a success, estab- 
lished Mr. Sowerby, and under him a number of European assistants, at 
Dechauri. At the same time a company, under the title of Davies & Co., 
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was perniitied to commence operations. In 1858 the latter took over, 
at their cost i>rice, works which had been erected at Khurpa Tal, and erected 
others at a cost o£ Rs. 1,25,000. In 1860 the Government, being dis- 
satisfied with the expenditure and small results of the Dechauri works ^ 
appointed Dr. Oldham to report on the management, the result being 
that it was declared to have been both extravagant and incompetent. 

The establishment was paid off, and Colonel Drummond, on behalf 
of a company, offered to take over the works at a valuation. In 1862 
the two companies, Davies & Co. and Drummond & Co., were amal- 
gamated under the title of the North of India Kumaun Iron Works 
Company (Limited) . A statement of what ensued is given in a paper 
by Mr. E. T. Atkinson. A license was promised by Government, but 
there was delay in its preparation, and when ready in 1864, the company 
had already found that they could not make the undertaking pay and 
they had suspended operations, but this is said to have been in part due 
to difficulties about raising the necessary capital owing to the long- 
deferred want of title. 

Another account puts the failure down, in a great measure, to want 
of knowledge on the part of the Directors, and the consequent absence 
of any definite scheme of operations ; the scope of the operations expanded 
in a haphazard sort of way. The manager was hampered with petty 
details, and had to a great extent to leave the real object of the enterprise^ 
the manufacture of iron, to others. The European mechanics were out 
of hand, and as the works were closed from June to October, and the men 
were allowed to idle during that time in the hills, it is not to be wondered 
that they felt hard work and discipline irksome during the remainder of 
the year. Their pay was assured to them whether they turned out good, 
bad, or no iron at all. They were well housed, but the machinery at the 
works was defective; the hot blast among other things was never intro- 
duced. But even the writer, from whom the above has been quoted, con- 
siders that the want of sufficient capital was the prime cause of failure. 

In 1871, Mr. Bauerman visited Kumaun and reported upon the pros- 
])ect of re-establishing the manufacture of iron. His opinion was not 
favourable either in reference to what had been done, or to the prospect 
of iron being made profitably in the future. This view not being accept- 
able to the local authorities, a further report was called for from the 
Geological Survey, and Mr. Hughes was deputed for the purpose. From 
his report,’ the following facts as to the nature and extent of the 
materials are taken. The localities where ore occurs are grouped under 
four heads, namely, Ramgarh, Khairna, Kaladhungi, and Dechauri. 


» Uecords, G. S. I., Vol. VII, p. 15. 
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Ramgarh. — Under t^is heading are included localities at Pahli, 
Loshgani, Natua-khan, and Parwara, which, though far apart, are on the 
same geological horizon. The ore is a micaceous haematite which occurs 
in beds, in association with schists. It is rich and abundant, and might be 
easily worked. The assays of ore from the difPerent mines vary a good 
deal ; at Natua-khan the ore contained Gl*33 percent, of iron. Limestone, 
containing only 67*6 per cent, of carbonate of lime, occurs at Natua-khan. 

Kh ARINA. — The ore of this region is not of much promise, as it occurs 
as small veins of hmmatite in a bed of quartzite. If the valley of the Kosi 
contain rich ores they might be valuable, as they might bo carried with 
comparative ease to the plains to mix with the poorer ores of the Bhabar ; 
but regarding the existence of such ores there is no information. 

Kaladhungi. — The ore occurs here witli the clays and sandstones of 
the Nahan group of tertiary rocks, but its precise mode of occurrence, 
in consequence of the absence of distinct sections, is not very clear. 

As to its abundance there can be no doubt, but the quality is variable 
owing to the unequal proportions in which different portions of it are 
mixed with earthy matter. A favourable sample collected by Mr, 
Hughes contained 38*82 per cent, of iron. 

Dechauri. — The ore in this neighbourhood is of better quality, but 
not so extensive, as that at Kaladhungi, still there is an abundant supply. 

The assays of samples from the above localities gave the following 
results : — 


Loss in heating 




Dccliauri. 

. 4-58 

Kaladhungi. 

7-07 

Iron oxide 




. 70-88 

4991 

Alumina 




. 4-71) 

6-27 

Lime . , , . 




. 8*11 

1*10 

I’hosphoric acid 




. 1-07 

•OG 

Silica And insoluble 




. 15-81 

3G-G2 

Metallic iron in the above 




100-84 

. 65*13 

101-23 

38*82 


The question of fuel has been discussed over and over again in the 
reports alluded to above, as well as others not mentioned. The legL 
timate conclusion appears to be that by strict conservancy and re-planting, 
consumption would not exceed the available supply ; but the carriage of 
fuel would necessarily be an expensive item if only fully-grown trees, here 
and there, were taken from the forests. There is not the slightest solid 
ground for hope that coal will ever be found, but this question has 
already been discussed. 

The latest information in reference to this tangled history of the 
Kuinaun iron works has been supplied by Mr. A. Campbell. It refers to 
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the period from 1877-79, when the GovernmeijJ) again embarked in iron 


manufacture. Mr. Riley^s 

analyses of the ores were as follows : — 


Dechauri. 

Gwalakuri, average of 6. 

Silica 

. 17*92 

32*42 

Titanic acid 

•22 


Peroxide of iron 

. H'CA 

51*60 

Protoxide of iron 

ir. 

7*87 

Oxide of manganese 

*25 

1*50 

Alumina . 

. 16*43 

4*04 

Carbonate of lime 

1*99 

tr. 

Magnesia 

•50 

0*35 

Phosphoric acid 

*61 

0*11 

Sulphur . 

tr. 

0*01 

Combined water 

6*65 

2*53 

Moisture . 

1*45 


Potash 

*21 

... 


99*87 

100*43 

Metallic iron . 

. 38*25 

42*36 


The Dechauri ore consisted of 15 maunds, from different jilaces, whicli 
were pounded and then sampled, so that the above may jierhaps safely be 
taken as a fair average. 

Flux. — Several of the early writers refer to the boulders of limestone 
found in the bed of the Boer river as being likely to yield a suitable flux, 
and it is believed that they were tried in the furnace during some of the 
operations; but in 1877-79, a tufaeeous limestone was used and was 
found to be a much more suitable material in consequence of its compa- 
ratively small amount of magnesia, as will be seen from the following 
analyses by Mr. Riley : — 

Boulders from Beer river. Mahulchaur Tufa. 


Silica 

•68 

1*70 

Alumina . 

•54 

•74 

Iron protoxide 

. 1*12 

•70 

Manganese 

tr. 

tr. 

Lime 

. 29*45 

92*20 

Magnesia 

. 21*72 

4*08 

Carbonic acid . 

. 46*46 

. . . 

Sulphuric acid. 

•18 


Phosphoric acid 

•03 

Nil. 

Water combined 

•41 

... 

Moisture 

•20 

... 

Organic matter 



tr. 


100-78 

99*42 
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Mr. Campbell states that there are enormous deposits of this tufa- 
ceous limestone within 7 miles radius of Dechauri. 

Pig Iron. — Analyses of the pig produced from the above materials 
gave the following results : — 



No. 01. 

No 63. 

Carbon as graphite .... 

. 2 725 

3227 

Carbon as combined carbon 

. 1*299 

•635 

Silicium ...... 

. 1*091 

1*609 

Sulphur ...... 


... 

Phosphorus ...... 

*051 

*920 

Iron 

. 9216() 

91*927 

Manganese . . 

. 1*2;38 

1*305 

Copper . 

. 

tr. 

Titanium 

•171 

•106 


99*925 

99-089 


The charge when No. 61 was produced was one-third G walakuri ore, 
two-thirds Dechauri ore, and one-third tufa limestone. 

Owing to the amount of alumina present in the Dechauri ore it 
was found necessary to add the Gwalakuri ore, which contained sufficient 
silica to give a fusible cinder when added in the above proportions. But 
this necessity was partly instrumental in producing the collapse of the 
last effort to produce iron profitably in Kumaun. Great difficulty and 
expense was incurred in getting down the Gwalakuri to Dechauri ; other 
causes there appear to have been too ; but it is impossible without fuller 
information to state here exactly what they were. 

As a practical record of what was accomplished, the following ab- 
stract of working for the week ending March 8th, 1879, is of value : — 


U umber of 
Charges. 


Temperature 
of Blast. 


680° 


Matekialb ubed in maondb. 


Pressure. 

Charcoal, 

Dechauri 

ore. 

Owalnkuri 

ore. 

Tufa 

limestone. 

Scrap iron. 

25i 

l,0!f 2 

2,070i 

899i 

346 

68 


Outturn, 


Pig No. 1. 1 

Pig No. 2. 

Pig No. 3. 

Total. 

Per cent, 
of iron from 
ore. 

Per cent, 
iron to 
charge. 

Charcoal 
to 1 maund 
of pig. 

474 

90 

75 

689 

39*61 

84-09 

1-71 
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Assam. — In connection with his description of the Assam coal-fields^ 
Mr. Mallet ^ gives a short account of the iron, from which the following 
facts are chiefly taken. The principal ores found in the valley of the 
Bliramaputra are clay ironstones from the coal-measures, and an impure 
limonite from the sub- Himalayan strata. The former occurs in nodules 
of various sizes, and sometimes in thin beds inters [ratified with shales and 
sandstones. Assays of nodules from Tirugaon and Tel Pung yielded from 
40’ 1 to 22*1 per cent, of iron, and of the shales from Tel Pung, 23*6 per 
cent. The ores of the sub-Himalayan strata (Tipam group) resemble in 
geological position those of Kaladhungi and Dechauri in Kumaun; 
favourable samples yielded 35*2 and 32*6 per cent, of iron, but the 
average is considerably less. 

Both descriptions of ores were formerly largely worked by the 
Assamese. According to Colonel Hannay,^ there were 3,000 smelters 
and smiths in Upper Assam. The principal centres of their operations 
were at Tirugaon and Hattigar, where the remains of their slag heaps 
and furnaces are still to be seen. In the 16th and 17th centuries 
Assam was famous for the manufacture of big iron guns ; the largest 
specimen known to Colonel Hannay was in the Rangpur Fort ; it mea- 
sured 17 feet inches and the metal was inches thick. The final 
abandonment of the trade, which had suffered during incursions by the 
Burmese, was brought about by the heavy royalties placed on the ores 
by the Raja, which prevented the metal competing with that from the 
Khasi hills in the first place, which was not subject to duty, and after- 
wards with that from England, which, it is believed, supplies the whole 
requirements of the province at present. There is not now a single 
smelting furnace between Makum and Golaghat, and the trade in Khasi 
iron has ceased. 

The ore of the coal-measures is probably not in sufficient abundance to 
afford a supply to a blast furnace on the English principle, while that 
in the sub-Himalayan rocks, though it is practically inexhaustible, is of 
poor quality. The scarcity of limestone in the Naga hills would prove a 
difficulty in the way of introducing smelting operations on a large scale. 

Khasi a.nd Jaintia Hills. — The first notice of the iron ores and system 
of iron manufacture in the Khasi hills, dated 1828, is by Mr. Walters,^ 
who gives a sketch of the form of furnace and bellows which were in use. 
In 1829, Mr. Jones, in a paper in the Gleanings in Science,^ commends 

' Mem., G. S. I., Vol. XII, p. 359. 

Jour. As. Soc. Bengal, Vol. XXV, p, 330. 

" As. Res., Vol. XVII, p. 

* Vol. I, p. 284. 
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Pandua as being the most suitable place in India for the establishment 
of iron works, and briefly describes the native process of iron manufacture, 
one peculiarity he mentions being that the ore after cleaning is mixed 
with water, when pieces of stick, leaves, &c., are dipped into it until they 
take up as much as they will hold, and when dry they are thrown into the 
furnace. The metal was sold at Pandua for Rs. 1-4? per maund. 

In 1832,^ Mr. Cracroft described and figured the Khasi process of 
making iron. The bellows, of which there were two, presented some 
peculiarities ,* they were suspended vertically with the nozzles pointed 
downwards, and were worked alternately by a wriggling motion of the 
body of the operator, who balanced his weight upon them. The furnace 
was fed with charcoal, which had moistened iron-sand adhering to it, and 
the metal which formed at the bottom of the furnace was hammered out 
by a wooden mallet on a stone anvil. In 1834,'-^ Lieutenant -Colonel T. 
C. Watson strongly advocated the establishment of an iron and steel 
factory on an extensive scale at Cherra Punji. He alludes to the 
abundance of coal and states that the iron ore could be obtained at the rate 
of four maunds for the rupee in any quantity. Fire-clay and lime are 
said to be abundant, while the numerous streams would afford water 
power for over-shot wheels. 

The next paper is by Lieutenant Yule, dated 184 j 2.^ It is illustrated 
by a plate showing the method of obtaining the ore which has been re- 
produced in this volume (Plate VI) . The principal area in which the 
mines were worked is situated about 18 miles north of Cherra Punji, and 
extends for a distance of 6 miles from east to west and of 2 miles from 
north to south. Mr. Yule gives a full account of the process of washing this 
ore, which, having been practised from time immemorial, has left its traces 
in what he describes as the skeletons of hills, gigantic masses of granite 
piled on one another in massive confusion. Dr. Oldham^s description‘s of 
the mode of occurrence of the ore is as follows : The only ore worked 
in these hills occurs in the form of a fine sand consisting of minute 
crystals of titaniferous magnetic oxide, which are regularly distributed 
in the mass of the softer portions of the granite rocks, and also occasion- 
ally in some of the gneissose beds. The upper portion of the granite is 
partially decomposed to a considerable depth, and this soft and easily- 
yielding rock is not quarried or mined, but simply raked into a small 
stream of water conducted along a little channel formed at the base of 
a small scarp or face of rock from which the ore is obtained. The 

' Jour. As. 8oe. Bengal, Vol. I, p. 160. 

’ Op. cU., Vol. Ill, p. 26. 

^ Op, cit., Vol. XI, p. 853. 

' Mem., Q, S. 1.. Vol. I, p. 201. 



414 


GEOLOGY OP INDIA -IRON. 


[Chap. VIIL 


manipulative skill o£ some of the Khasi women, acquired by long practice 
in these operations, is very great, and a very small proportion of the ore 
is lost in the washing/^ 

The Plate, which represents the preliminary washing in the artificial 
channel and the final washing in a wooden trough, will probably convey 
a sufficient idea of the details of the process. 

The ore was sold at the rate of seven baskets, or about three maunds, 
for one rupee. It was conveyed often to distant villages for the rough 
smelting, and then the crude iron, in balls weighing seven seers each, was 
sold and despatched to the plains or was converted in certain of the hill 
villages into Jcodalis (spades) and aJcows (knives), or into hooks used by 
the boat-builders for fastening timbers together. In the conversion 
about 43 per cent, was lost owing to the impurity of the balls, which 
were not well hammered to express the slag, as is the case in most 
parts of peninsular India, but merely rudely shapen with a wooden club. 

Dr. Oldham states that the quality of the iron was excellent for all 
such purposes as Swedish charcoal iron is used for, and that it would make 
good wooiz or steel. In its ordinary condition it is less durable than 
English iron, which has so completely driven it out of the market in Assam, 
that iron manufacture, the decadence of which in the Khasi hills may be 
traced in the various papers above quoted, is now an extinct industry. 

Owing to the cost of collecting the scantily disseminated ore, and the 
fact that it can only be practised during the rains. Dr. Oldham did not 
think that the manufacture of iron in the portion of the hills examined 
by him could be much extended. 

Some additional information on this subject will be found in the 
Statistical Account of Assam, ^ in which, quoting from a report written 
by Mr. Allen in 1858, it is stated that the then annual export amounted 
to the value of Rs. 67,500. In 1876-77 the export of manufactured 
articles amounted to the value of Rs. 7,000 as against Rs. 18,000 of 
imported nails and bar-iron, &c. 

Burma : Pegu Division. — According to Mr. Theobald,^ an abundant 
source of iron ore is found in the fossil wood group (tertiary) in the 
Eastern Prome district. This ore consists of the hydrated peroxide, and 
is occasionally found as a thin band up to 3 inches in thickness, which 
is jointed into irregular rhomboidal masses. More frequently, however, 
it occurs in concretionary masses, consisting of concentric layers round a 
nucleus of clay, and, in this form, it occurs in both the sandstones and 
conglomerates. 

» Vol. II, p. 236. 

- Records, G. S. I., Vol. 1, p. 83 i Vol. VI, p, 91; and Mom., G. S. L, Vol. X, p. 313. 
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This ore is of good quality, and was largely smelted under the Burmese 
rule ; but there are now no furnaces in operation in British territory, the 
introduction of English iron and steel having crushed out the industry. 
Remains of the furnaces, which were made in banks of firm alluvial clay, 
are still to be seen, and ancient slag heaps abound in the country east of 
the Sitang. Thick beds or lodes of magnetic ore occur in the metamor- 
phic rocks, and specular iron occurs as an integral constituent of some of 
the schists and has sometimes been mistaken for galena. Mr. O'^Riley 
states that the former is abundant in the lower hills near Shwe-gyeng. 

Tenasserim Division: Tavoy, Lat. 14° 5'; Long. 98° 10'. — Dr. 
Heifer^ mentions that there are 17 localities between Maulmain and 
Tavoy in the tertiary hills where iron ores occur ; but the favourable 
situation of some magnetic ore, which is found at one hour^s distance from 
the town, together with its abundance and excellent quality, gives it a far 
higher value than any of the others can possibly possess ; not far from it is 
a second bed forming, apparently, a whole hill. It is probable that these 
ores occur in association with the tinstone-bearing granite. Samples of 
them were forwarded to Dr. Ure,^ who found that they contained up- 
wards of 60 per cent, of metallic iron with traces of phosphate of lime, but 
none of manganese or titanium. The magnetic properties are said to be 
known to the Burmese and are a cause of great wonderment to them. 
Dr. Heifer was unaware that this ore had ever been worked, but according 
to Mr. Blundell, during one of the expeditions of the Burmese against 
Siam, smelters were sent down from Ava, and iron was made on the spot 
and worked up into swords, knives, spears, and other weapons. 

Limestone from Tavoy was reported on by Dr. Ure, who stated that 
it was perfectly pure and akin to statuary marble, and would afford a 
good flux. Wood for charcoal is abundant and water-carriage might be 
made available. 

Dr. Heifer mentions that iron pyrites is abundant, and Mr. Mason 
that copperas or iron sulphate is often found as the result of its alteration. 
Red ochre occurs in several places on the Great Tenasserim. 

Mergui. — An island 1 mile in circumference and including a hill 
200 feet high, about 10 miles south-west of Mergui, is, according 
to Mr. Blundell, formed of iron ore, which Dr. Ure stated would yield 
good iron. Limestone is obtainable at several accessible localities on the 
main branches of the Tenasserim river. It is not known whether this 
iron has ever been worked ; the process of smelting is not known to the 
people of Mergui. 

* Report on Provinccg of Yc, Tnvoy, and Mergui, p. 29. 

Jour. As. Soc. Bengal, Vol. XII, p. 236. 
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Upper Burma.— According to Dr. Oldham, the principal site of 
the manufacture of iron ore of Upper Burma is at Puppa, an extinct 
volcano, lat. 20° 56' 80^, long. 95° 45', which has been described by- 
Mr. W, T. Blanford,^ who states that the ore occurs in upper tertiary 
conglomerates of the fossil wood group. He did not see the furnaces in 
operation, but states that their form was unlike that of any with which he 
was acquainted in India ; and he adds that to the best of his belief they 
were quite peculiar in producing iron without the aid of any artificial 
blast whatever. 

The iron, though mixed with slag and charcoal, proved when refined 
to be of excellent quality, and it was in this neighbourhood that a large 
proportion of the iron used in Upper Burma was manufactured. The 
Jcachcha iron, according to Dr. Oldham, was in 1855 sold at the rate of 
8 to 10 tikals (£ 1 to £ 1-5) per 100 viss ( = 365 lbs.) according to quan- 
tity. The loss in conversion varied from 25 to 40 per cent. 

The other sources of iron were at Maedoo, north of Shue-bo-myo and 
in the Shan States. The imported British iron was thought not to exceed 
5 per cent, of the total consumption. Steel had to be brought from 
China or British Burma, as its manufacture was not understood. 

Dr. Anderson^s account^ of the use and production of iron in the 
countries bordering Upper Burma, is full of interest, more especially his 
allusions to the use of the metal for suspension bridges. 

According to Major Strover**^ the King of Burma had resolved in 
1873 to utilise the ores to the west of Sagaing, near the Irawadi. Machi- 
nery for a foundry had been ordered from England, and two Engineers 
were already on the spot awaiting its arrival in order to commence opera- 
tions. This project has apparently not been carried out. 

Iron Ochre. — ^To the earthy varieties of the hjematites the names 
red and yellow ochre are applied. Their occurrence abundantly in India 
is an almost necessary consequence of the abundance and wide distribu- 
tion, not only of iron ores but of laterite, which, though always containing 
iron, is not generally called an ore of iron, except when the ferruginous 
matter is comparatively pure and a high percentage of iron is included. 
Such being the case, any attempt to convey an idea of the actual locali- 
ties in India where ochre is to be found would involve an amount of 
detail, even were full information available, which would hardly be war- 
ranted by the importance of the subject, and for which there is not space 

1 Jour. As. Soc. Bengal, Vol. XXXI, p. 219; Manual, Part II, p. 725; and Percy’s 
Metallurgy of Iron and Steel, p. 270, with plates. 

2 Expedition to Yunan, pp. 169, 188, 190, 311, 344, &c, 

^ Indian Economist, Vol. V, p. 14. 
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available. It is to be understood therefore that the following cases are 
representative merely, and that no attempt is made to enumerate all the 
localities where the natives procure these mineral pigments, which they 
call generically getu^ for the adornment of the walls of houses and huts 
and for Various other purposes. 

Madras. — The decomposed ores of iron in many parts of Madras are 
largely used by the natives as pigments. At Trivandpuram, in Trichino- 
poli, a yellow ochre is obtained from the cretaceous rocks. After grind- 
ing and levigation it yields a good pigment, which is often used by 
Hindus to make the caste-marks on their foreheads. 

Promising sources of pigment are said to be visible in road cuttings 
on the Nilgiris. These owe their origin to the decomposition of highly 
ferruginous gneiss.^ 

Bengal. — The Rajmahal® and Kharakpur hills afford varieties of 
gerw from rocks of different ages, for which there is a small demand by 
the people in the neighbouring alluvial tracts ; but the trade is believed 
to be a very small one and is probably still less so in Chutia Nagpur. 
Neither general statistics nor detailed information on the subject are 
available. 

Central Provinces. — Ochreous deposits are found in several of the 
districts of the Central Provinces and have been worked for a long time 
by the natives. There is, moreover, now in the Jabalpur district a factory 
for the preparation of mineral paint, which has attained a wide reputation 
and is extensively used throughout India. 

Raipur District. — Red ochre of good quality is said to be obtained 
in quarries at Mandanpur and Thakurtola, towards the west of this dis- 
trict. ^ 

Balaghat District. — In the Salitikri hills, in this district, gerti or red 
ochre is obtained,^ and is used for dyeing the clothes of particular castes of 
people and also for colouring houses. Mr. Wilkinson ^ states that the 
same substance is obtained at Seukeindan, in the Larihee hills, but these 
names do not appear in the Central Provinces Gazetteer, and it is uncer- 
tain to what modern British district they should be referred. 

Jabalpur District. — In the account of the iron ores at Jauli, it has 
already been mentioned that the paint prepared by Mr. W. G. Olpherts 
is made by grinding the ore to an impalpable powder by means of grind- 
stones worked by small water-wheels. The powder is packed in bags 

> Blanford, H. F. Mem., G. S. I., Vol. IV, p. 214; aud Vol. I p, 237. 

» Oj). cit., Vol. XIll, p. 103. 

* Oeutral Provinces Admiuistration Report, 18G1.C2, p. 123, 

^ Central Provinces Gazetteer, p. 18. 

* Cal. Jour. Nat. Hist,, Vol. Ill, p. 290. 

B 1 
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and sells retail at the rate of £18 a ton. Its value in the London market 
was £9-10 a ton. It has proved to be the cheapest paint in the Indian 
market ; it lies smoothly on wood or iron and has been successfully used 
against damp on porous tiles, bricks, and plaster. It is now used by the 
principal Rail and Steam-ship Companies, and it has stood a practical test 
on the metal work of the principal bridges in India ; it has been found 
most useful on the inside of boilers. 

In the preparation of one cwt. of paint, ready for use, the following 
components are required 

Dry oxide of iron 65J lbs. 

Linseed oil 6i gallons. 

The addition to the oil of one-fourth its weight of common bazaar 
resin, dissolved in the oil by a gentle heat, renders the colour more brilliant 
and lasting. Three lbs. for a first coat and two lbs. for a second are suffi- 
cient to cover 100 superficial feet on the average. 

Chanda District. — Ochreous earth is stated to be abundant in this 
district. In the year 1843 it sold at the rate of 15 seers for the rupee, 
while the red ochre above mentioned sold at the rate of 25 seers for a 
rupee. 

Bombay Cutch. — Some highly ferruginous beds of the sub-num- 
mulitic series yield an ochre which is quarried for export, ‘ 

Sikkim.— A yellow earth from Sikkim, which was forwarded by 
Dr. Campbell, was found by Mr. H. Piddington to be an impure ochreous 
earth. It was stated to be used by natives as a cure for goitre.^ 

Burma. — According to the Revd. P. Mason/ there is a fine bank of 
red ochre near Kallioung, on the Tavoy river. It is also found on the 
Great Tenasserim. 

Iron Pyrites or Pyrite : General Remarks.— This ore of iron, 
which is the sulphide or sulphuret of iron, is widely distributed throughout 
formations of very different ages in India. It occurs in quartz reefs asso- 
ciated with the ores of other metals, and often with metallic gold. These 
quartz reefs may be either in the metamorphic or submetamorphic rocks. 
Iron pyrites is found in slaty rocks of different ages, and occasionally in 
limestones ; its presence in the coal, both of the peninsular fields, and in 
those of tertiary, cretaceous, and Jurassic ages in the extra-peninsular 
areas, often proves highly injurious to these coals as has already been men- 
tioned. Spherical masses of firmly compacted cubical crystals of pyrites 
are found in the extra-peninsular tertiary rocks, as for instance in the 

* Wynne, A. B. Mem.. G. S. I., Vol. IX, p. 90. 

* .lour. As. Soc. Bengal, Vol, XIX, p. 143. 

^ Natural Productions of Burma, p, 42. 



Economic Geology.] 


BEHAR. 


419 


iiummulitic rocks of Sind ; and they may in some places be collected in 
quantity where they have been weathered-out from the soft rocks : not 
unfrequently they, though retaining the form, are no longer in the condi- 
tion of sulphides owing to alteration by oxidation. In the account of 
Sulphur (Chapter III), several localities are mentioned, where natural 
deposits of sulphur are formed by this process. 

At Mudanur, in the Surapur taluk in the Deccan, Mr. Foote states 
that iron pyrites occurs in tolerable abundance in some of the Bhima 
limestones. He adds that, according to Colonel Meadows Taylor, the 
manufacture of sulphur used to be carried on there. 

Accorfting to some writers, iron pyrites is abundant in several of the 
districts of the Madras presidency, where it is said to be called Soorna^ 
mooky, or rather ionmakkiy a term which is, however, properly applicable 
to copper pyrites. It has, however, still to be demonstrated whether it is 
anywhere sufficiently abundant to possess an economic importance. That 
supplies of iron pyrites are not easily accessible in some parts of India 
may be gathered from the fact that it is imported into Calcutta from 
Arabia, where it is obtained on the surface and in the beds of rivers. 

In the Calcutta market, where it is called kayigsmookey , the wholesale 
value is said to be from Es. 6 to Es. 10 per maund. It is used as a drug, 
and is prepared for that purpose by being burnt four or five times with cow- 
clung, after which it is ground up and administered by native practitioners 
as a tonic in fever. 

Iron Sulphate : General Remarks. — The green vitriol or copperas 
of commerce, which is known to the natives as kahi and hara kasls, is pro- 
duced principally from the so-called alum shales, the preparation of alum 
from which will be described in Chapter IX. As is the case also with 
alum, copperas is found sometimes as a natural exudation upon alum 
shales and other rocks which include iron pyrites. 

This native copi)eras goes by several different names in India, accord- 
ing to the nature of the other substances with which it is combined. 

Behar. — In the year 18H3, Mr. J. Stevenson published an analysis 
of a native sulphate of iron obtained from Behar, which was at that time 


used by the native dyers of Patna. 

He found that it consisted of — 

Iron sulphate ......... 39*0 

„ peroxide ......... 36*0 

MJignesia ......... 23*0 

Loss 2*0 

Total . 100*0 

‘ Mem., a. S. I., Vol. VIII, p. 121. 
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Mr. Mallet ^ states that the Bijigarh shales, which belong to the 
Kaimur group of the Vindhyan series yield, in moist corners sheltered 
from the rain, a thick efflorescence of sulphate of iron, which is collected 
and exported to a trifling extent. Tlie copperas works at Kasianwan, to 
the north of Rotas, which have been alluded to on page 256, doubtless 
drew their material from rocks of this age in that neighbourhood. The 
native alum or salajit, which was also obtained from these rocks, will be 
mentioned in the next chapter. 

It may be taken generally as a fact that the distribution of iron 
sulphate corresponds with that of the alum-shales, so that it is needless 
here to give the details, which will be found in the next cbrf^ter. In 
various parts of the Punjab, dyes are prepared from impure mixtures of 
alum and iron sulphate.^ 

Iron Phosphate: Gteneral Remarks. — The hydrous iron-phos- 
phate, otherwise called vivianite, occurs in modified oblique prisms which 
are dichroic, appearing green at right angles with the vertical axis and 
blue parallel to it. An earthy variety, called blue iron-earth, is, however, 
perhaps the most common form in which the mineral occurs. Traces 
of it arc sometimes found in fossils, especially in those of the bones of 
vertebrates ; and the so-called bone turquois or odontolite used to be made 
in many places by subjecting fossil bones impregnated with iron to the fire. 
Mr. Prinsep ^ sug gested that a supply of this artificial gem may have 
found its way into Persia through Balkh. Under the name 
opvKTog the same substance was alluded to by Theophrastus. Vivianite 
is also stated to be sometimes deposited in living vegetable tissue, the 
result, perhaps, of a reaction taking place between iron carbonate and 
lime phosphate. 

Under the name mineral indigo, some of this substance from Assam 
was described in the year 1 846,^ and for this reason it is mentioned, but 
as it is insoluble in water and oil, and is easily decomposed by heat, it is 
not likely to be of much use as a pigment. It has been observed by Mr. 
Medlicott® in Nepal in a phosphatic clay, which occurs there in some 
abundance and is used as a manure. 

> Jour. As. Soc. Bengal, Vol. II, p. 321. 

Wynne, A. B. Mem., G. 8. 1., Vol. XIV, p. 302. Baden-Powell, H. Punjab Pro- 
ducts, p. 06. 

Jour, As. Soc. Bengal, Vol. I, p. 362. 

* Cal. .lour. Nat. Hist,, Vol. Ill, p. 153. 

* Records, G. S. I., Vol. VIIT, p. 100. 
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CHAPTER IX. 

ALUMINIUM AND CERIUM COMPOUNDS. 

COEUNDDM, EUBY, 8APPHIEE, SPINEL, ALUM, CEEIUM. 

CoiiuNUUM-.-Goneral Remarks. Madras — Travancore—Coinibatore— Salem— Mysore — Rcl- 
lary — North Arcot — Kistiia — Hyderabad. Bengal — Mon ghyr— Central Provinces — 
Re wall — Ajrair —Khasi Hills — Upper Burma. Ruby — General Itcmarks — Upper Burma. 
Sapph THE— General Remarks. Spinel — General Remarks— Afghanistan — Badak- 

shan- — Burma. Alum — General Remarks — Behar — Rajpntana — Cutch — Sind — Af- 
ghanistan— Punjab —North-West Provinces — Nepal —Assam— Burma. Tuequoise — 
General Remarks. Cehium — General Remarks— Madras— Nepal. 

Corundum : General Remarks. — Corundum when pure consists 
simply of alumina or the sesquioxide of aluminium. Ordinarily it contains 
traces of lime, silica, and magnesia. In hardness it comes next to the 
diamond. It occurs in six-sided prisms, which are sometimes very much 
obscured or irregular, more commonly it is found massive or granular. 

Emery, sapphire, oriental ruby, oriental topaz, oriental emerald, 
oriental amethyst and adamantine spar are names given to the different 
varieties of this mineral. The first, emery, is a granular alumina with 
which magnetic iron is intermixed ; the others are transparent crystals, 
variously coloured, and are well known as gems. 

The original matrix from whence these stones are derived is invari- 
ably referable to the older crystalline or metamorphic roclvs, and the gem 
sands which are washed in the principal oriental localities where these 
occur are generally found to consist of the detritus of neighbouring rocks 
in situ. 

Since the name corundum is derived from the Hindi word kurand^ 
it is most probable that the stone first became known in Europe from 
having been imported From India. At all the known localities in India 
where corundum occurs it has been worked by the natives, and there is 
every reason to believe that the first discoveries date back to very early 
periods. Most of these localities are situated in Southern India, but a 
very important dejicsit exists in Rewah, and there are several others, regard- 
ing which less information is available, in other parts of the peninsula. 

The uses to which corundum are put, when powdered, are well-known. 
The consumption in India must be considerable, though possibly it was 
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larger formerly than it is at present, as the trade of the native armourer 
is perhaps not so active as it used to be. A large quantity is used by the 
cutters and polishers of stones, both precious and ornamental, who are to 
be found scattered throughout India. To what extent Indian corundum 
is used in European countries is not very well known, but it could doubt- 
less be applied to many of the purposes for which the emery of the Greek 
islands is now used, and which, owing to a monopoly at one time, reached 
the high price of £30 a ton in London. The emery of commerce is often 
much adulterated with pounded iron-slag, garnet-rock, &c. 

Madras: Travancore State.— According to Dr. Balfour^ corundum 
in limestone from Travancore was exhibited at the Madras exhibition. 
Nothing further is known as to its mode of occurrence or abundance. 

Coimbatore District.— Captain Newbold ^ mentions a report that 
corundum had been obtained at Gudjellhutty and Chennimully in this 
district. 

Salem District. — Captain Newbold is our principal authority re- 
garding the occurrence of corundum in the Salem district. It is said to 
be found in gneiss and an earth resulting from the decomposition of that 
rock at Nammaul and Viralimodos, on the north bank of the Cauvery in 
the Permutty taluk ; at Sholasigamany in the Trichingode taluk in 
great abundance ; at Caranel, Anpore, Mallapollaye, and at various loca- 
lities up the river Cauvery, as far as Coacorambadi, where it had been dug 
up by the natives in the fields, and the remains of the excavations were 
still to be traced in Newbold^s time. He states, moreover, that rubies 
used also to be obtained at these localities, especially at Viralimodos and 
Sholasigamany. He adds that previously it used to be collected and 
sent to the western coast. Its selling price was from 50 to 100 pounds 
weight for a rupee. Captain Campbell ^ also gives an account of it. He 
says it was found in many parts of the Salem district, especially near 
Indore and in the Permutty taluk. Two kinds were found by the natives 
when ploughing their fields, one was a dirty red and the other a dark- 
gray colour. It was generally crystalline, but had a foliated structure 
and frequently included metallic looking grains. Dr. Balfour adds to the 
above list of localities Gopaulchettypolliura, 50 miles north of Salem, 
Yelaneegerry and Coundapady, from all of which there were specimens 
in the Madras Museum. 

Mysore State. — The first mention of the occurrence of corundum 
in Mysore appears to be by Captain Newbold, who in 1840 described the 

' Selections from Records, Madras Government, Vol. XXXIX, p. 94, 

.lour. Roy. As. Soc., Vol, VII, p, 224, 
a Cal Jour. Nat. Hist., Vol II, p. 281. 
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mines at Golhiishully and Kulkairi, about 7 or 8 miles east by north from 
the fort of Gram.^ In a subsequent communication he gives a further 
account of the same.^ 

The corundum occurs in both the crystalline and amorphous condi- 
tions in more or less decomposed talcose schists. The mines from which 
it was extracted were shallow pits in these rocks ; it was separated by 
the miners into four classes, the red, white, scraps of both, and refuse. 
The three first were conveyed to Mangalore and Tellicherry, and were 
sold to Bombay and Arab merchants for from Rs. 12 to 30 per kandy 
(“500 lbs.?) according to quality. According to the natives these mines 
were opened about the year 1829. 

Other localities where there were mines are, as stated by Newbold, 
Burkunhulli, Kundeo, and Yedgunkul in the Chinraipatam division ; 
Norhikinthat of Narsipur ; Dcysani Curbonhully in that of Bannawam ; 
Appianhully, Bcygoor, Bunnercota, Mundium and Permuty in Mysore. 

Dr. Balfour mentions Nullapardy, Mundium, Cuddoor in Nuggur; 
Aroomully in Kankumhally taluk, and the French Rocks as localities 
from whence samples of corundum were in the Madras Museum. 

The Mysore Gazetteer gives the following list, some of the places being 
obviously identical with those given above, though differently spelt : Golar- 
halli, near Chanraypatna ; Mandya near Seringapatam ; Begur, Banner- 
ghatta, Bagepalli, &e., in the Turivekere or Tarikere taluk. 

Bellary District : Punyghee. — During the past year samples of 
corundum from the vicinity of Punyghee, in the Hindupur taluk of 
Bellary, were received at the Geologieal Survey Office from Mr. Hammiell. 
Mr. Mallet describes these samples as being of a sea-green colour, and 
having some white felspar and mica attached ; the mineral is obtained 
from small pits, 6 or 7 feet deep, and it is stated that several thousand 
rupees worth have been exported to England. The local price varies 
from Rs. 5 to Rs. 7 per 100 seers by measure. The measure contains 
about 88 tolas or 2 lbs. English of grain, so that making all allowances the 
corundum would weigh perhaps rather more than three times as much. 
The price would therefore be from Rs. 5 to Rs. 7 per 600 lbs, 

Mr. Hammiell states (m episi^ that the corundum is found in several 
parts of the Madaksira taluk, as well as in Hindupur. 

North Arcot District. — Dr. Balfour^ states that a specimen of 
clove-brown corundum of good quality, labelled as being from the Naggery 
hills, was included among the specimens at the Madras Museum. 

^ Madras Jour, of Lit. and Sci., Vol. XI, p. 46. 

® Jour. Roy. As. Soc., Vol. VII, p. 219. 

* Selections from Records, Government of Madras, No, XXXIX, p. 92. 
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Kistna and Godavari District. — Samples of red corundum from 
Guntur were exhibited at the Madras exhibition by Mr. Rohde, who con- 
sidered that portions were suitable for jewellery and that the remainder 
were worth from £15 to £20 a ton.^ 

Hyderabad. — Dr. Walker ^ has recorded that both corundum and 
emery are found in the streams leading from the Kunnigiri hills, in the 
Kummum Circar, and also in the Paluncha country. There are two qua- 
lities, red and white, of which the last is considered to be the hardest, and 
is most esteemed by armourers. Dr. Balfour states that there were 
excellent specimens of irregularly crystalline structure forwarded from 
Hyderabad to the Madras exhibition. 

Bengal : Mongh3n: District : Jamtji. — Corundum is stated to occur 
in the hills near Jamui,^ and Captain Sherwill in his geological map of 
Bengal represents it as being found somewhat to the north-east of this 
locality. But there is no further information on the subject. 

Central Provinces. — In the Gazetteer of the Central Provinces it is 
stated that a stone known to the natives as kurundy the common name 
for corundum, is found in many parts of the Upper Godavari district, 
ei^eeially near Bhadrachellam. In the year 1860 Dr. Macintire^ of Nag- 
pur forwarded to the Asiatic Society samples of corundum, some of which 
were said to have been quarried at a locality situated at a village named 
Pohora, ^^60 miles to the right of the Raipur road.^^ It is presumed 
that south is to be understood for right, but without further information 
it would be useless to attempt to identify it with any locality of similar 
name on the map. Mr. Piddington identified the samples as consisting 
of white, mottled, and black corundum associated with fibrolite. 

Rewah State : Singrowli : Pipra, Lat. 23° 67' ; Long. 82°44'.— • 
The first mention of the occurrence of corundum in Singrowli is to be found 
in a paper by Dr. Francis (Buchanan) Hamilton.*^ The information be 
obtained regarding the deposit was from enquiries made at Mirzapur in 
the year 1814. Although he had gone there in the hope of visiting the 
mine, he was prevented from doing so. The chief point of interest in 
the paper is the testimony which it aflPords of a considerable traffic being 
done in corundum at that period. The further details are not of much 
importance now, since we possess more recent and accurate informa- 
tion. 


* Selections from Records, Government of Madras, No. XXXIX, p. 90. 
^ Madras Jour, of Lit and Sci., Vol. XVI, p. 187. 

* Statistical Account of Bengal, Vol. XV, p. 31, 

* Jour. As. Soc. Bengal, Vol, XIX, p. 489. 

^ Edin. Pliil. Jour., Vol II, 1820, p. 305. 
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The second notice of these mines, dated 1845, is by Captain W. S. 
Sherwill, who also at that time had not visited the locality. He states 
that the mines were worked only once a year when the merchants sent 
pack-cattle to bring away the supply ; while Dr. Hamilton mentioned 
the eastern parts of Indians being supplied from this source, Captain 
Sherwill ^ states that the supply of the greater part of Western India went 
from here. The recognised varieties of corundum were distinguished by 
the following names : — 

No. 1 — Guiabi, so called from its rose colour ; 

No. 2 — Massuriay resembling in colour the massur duly a pea or lentil ; 

No. 3 — Bhakay of varied colours ; 

No. 4 — Telia y resembling in colour the teli seed ; 

No. 6— Impure, mixed with mica; 

No. 6 — Very impure, mixed with fibrolite. 

Captain Sherwill mentions a current belief that the rock in this mine, 
by permission of its guardian spirit, assumed the condition of corundum 
for only one day in the year ; this was evidently an ingenious way of 
keeping up the price of the article. As a preliminary to operations a 
kid is sacrificed to propitiate the spirit of the mine according to Mr. 
Mallet. 

In 1872, and again in 1873, Mr. Mallet^ published accounts of visits 
to this mine which is situated on a hill between Pipra and Kadopani. 
The section of this hill from north to south is as follows 
(«.) White quartz schist. 

(d.) Hornblende rock passing into jade, a few yards thick. 

(c.) White tremolitic quartz schist breaking with a fibrous fracture. 
[d,) White and green jade, including some purple corundum and 
containing euphyllite and schorl. The colouring matter of 
the jade is clearly the same as that of the mica, oxide of 
chromium, c and d are about equal in thickness to b. 

(e,) Bed of corundum, several yards thick. It is a reddish, sometimes 
purple or gray, rock almost compact and crystalline in texture 
and containing emerald-green euphyllite and sometimes schorl 
and diaspore in the seams. 

(/.) Porphyritic gneiss with hornblende rock. The corundum does 
not appear to be in direct contact with the gneiss, but it is 
within a few feet of it, the intervening space being obscured. 
The supply of corundum is considered by Mr. Mallet to be prac- 
tically inexhaustible. The bed at its apparent maximum is 80 yards 

■ Jour. As. Soc. Bengal, Vol. XIV, Proc., p. 15. 

> Kccords, a. S. I., Vol. V, p. 20 j and Vol, VI, p. 43. 
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thick, but it may bo more and it is traceable for al)out half a mile. Large 
blocks, two to three tons in weight, broken from the outcrop, are strewn 
over the hill. Before 1871, for five or six years, the mine had not been 
worked owing perhaps to a glut in the market, but in that year 125 bullock- 
loads, or 13 J tons, were taken away; the price is Rs. 2-8 for 7 maunds 
(of 40 seers), or 18 shillings per ton. Its excessive hardness makes it 
difiicult to mine, but by lighting fires where it is jointed and heaving other 
pieces at the places where it has become brittle, the quarrymen manage 
to obtain fragments. 

To the irregular jointing, rather than to any impurity, 'Mr. Mallet 
attributes the rather curious fact that this very hard rock does not 
form any prominent physical feature. 

The emerald-green mica which occurs with this corundum is shown 
by Mr. Mallet to be almost exactly identical with eupbyllite, which 
occurs in a similar association at Unionville in Pennsylvania. 

Ajmir. — The so-called prismatic corundum found in Ajmir is merely 
alluded to here to prevent any mistake. It will be described, so far as 
there is any information on the subject, under the more appropriate head- 
ing of Beryl (Chapter XIV) . 

Khasi Hills : Nongryniew. — A hone-stone received from the Khasi 
hills was found on examination by Mr. Mallet to consist of corundum. 

It is a finely granular, light-gray or grayish-white rock, containing 
microscopically minute specks of a translucent dark-red mineral. It 
scratches topaz with ease. The specific gravity is 3*93. 

Colonel Sherer, to whom n Eerence was made for further information 
as to the locality, states that Nongryniew, where the stone is found loose 
on the surface, is situated two days^ journey to the north-west of Nong- 
stoin, the capital of a petty Khasi State in lat. 25'^ 31', long. 91° 20'. 

On this information Mr. Mallet has remarked ^ that as the edge 
of the hills to the north-west of Nongstoin is about 30 miles from that 
place, and within 15 miles of the Bhramaputra, it would appear that the 
locality where the corundum is found cannot be very far from the edge 
of the hills, and that it is within a day or two^s journey from the river 
for carts or laden animals. If, therefore, the stone occurs in large quan- 
tity-— a point respecting which no information is available — it is worth 
attention commercially.*'^ 

Burma. — As might be expected, pebbles and crystals of ordinary 
corundum are found in the ruby mines of Ava which are described 
below. 


^ Records, G. S. I., Vol. XII, p. 172. 

2 Rev. P. Mason. Natural Productions of Burma, p. 2G. 
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Ruby : General Remarks. — The true oriental ruby is distinguished 
from the different varieties of spinel-ruby by its composition, hardness, 
and crystalline form. In composition and hardness it is identical with cor- 
undum, being merely the clear red-coloured crystalline variety of alumina ; 
the crystalline corundums having other colours are variously named, as 
has already been stated. The colour is due to the presence of metallic 
oxides. One per cent, of oxide of iron has been determined by analysis 
to occur in the ruby, together with 0*5 per cent, of lime. The ruby is 
only inferior in hardness to the diamond, and when of large size, of good 
colour, and free from flaws, it is even more valuable than the diamond. 

According to Captain Newbold, as stated on a previous page, rubies 
used to be found in the corundum mines of the Salem district, and Dr. 
Clarke ^ says that coarse rubies were brought to him from the mines of 
Mysore. Rubies were said by Lieutenant Kittoe ^ to have been obtained 
in the Mahanadi river between Cuttack and Sambalpur, but it is not 
improbable that what were really found were garnets. 

As rubies occasionally occur in Ceylon together with sapphires, the 
discovery of either or both in many parts of India would not be surpris- 
ing. In the extra-peninsular regions, however, are situated the most 
famous ruby mines in the world, from which the chief part of the 
stones now in use have in all probability been supplied. 

Upper Burma. — Although it is commonly said that no Europeans 
are ever allowed to visit the ruby mines of the King of Burma, there are, 
as a matter of fact, two descriptions by Europeans who have visited 
them. The first was by the P4re Guiseppe D^Amato,^ the date of whose 
visit is not known, but it was before the year 1833. The other visitor 
was Mr. Bredmeyer, who about twelve years ago was for a time actually 
in charge of certain mines (not the principal) which are within 16 miles 
of Mandalay. He may have also been at the other mines, but that does 
not appear from his manuscript description. 

Kyat-pyen. — This place is situated about 70 miles to the north-east 
of Mandalay. It is, according to the Pdre, surrounded by nine mountains 
which surround seventeen small lakes. The mineral district is divided 
into fifty or sixty parts, each having a distinct name. Mining was only 
carried on in the soil above water level. Square pits were dug down to a 
depth of 20 to 30 feet, and the detrital gem-gravel, which is obtained in 
beds of various thicknesses and extent, was drawn to the surface and 
washed ; lateral galleries from these shafts were sometimes driven, but the 

1 Madras Jour, of Lit. and Sci., Vol. IX, p. 121. 

2 Jour. As. Soc. Bengal, Vol, VIII, p. 372, 

» Idem, Vol. II, p. 75. 
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influx of water soon caused the shaft to be relinquished and a new one 
opened. Besides rubies, sapphires, topaz, and oriental emeralds were also 
found ; spinel is abundant. All stones above a certain weight were sup- 
posed to become the property of the King, but some were smuggled 
away. Chinese and Tartar merchants were in the habit of visiting 
Kyatpyen yearly. Another locality where there are mines is situated a 
little further no^h at Mookop, which seems to be the same as Mogouk. 

Dr. Oldham,* though he was prevented from visiting the mines 
himself, was enabled to collect some additional information when at 
Mandalay. He states that the rubies are generally small, not averaging 
more than a quarter of a rati in weight. The large ones are commonly 
flawed, and Mr. Spears had never seen a perfect one weighing more than 
half a rupee. Sapphires, though relatively rare, are generally of larger 
size — stones of 10 to 15 ratis without a flaw occurring — while rubies of 
that size are seldom seen. The revenue from the mines, which are a royal 
monopoly, amounts to from £12,500 to £15,000 a year. The lapidaries 
who polish the stones live at Amarapura ; they make use of the small 
rubies when pounded to grind the large ones, forming the fine dust into 
cakes upon which they polish the gems. 

The actual extent of country over which the gem sand occurs is not 
known, but it may be 100 square miles or more. 

Sagyin Hills. — Mr. Bredemeyer states that the mines nearest to 
Mandalay are 16 miles from thence and 2 from the Irawadi. The 
mountains there are of limestone or marble covered with red clay and 
decayed calc-spar ; they have a fractured appearance throughout, and the 
hollows are filled with detritus, out of which rubies, sapphires, spinels, 
and amethysts are obtained by washing. Where this detritus is of a 
yellowish colour the stones are best ; with a proper system of working, 
which would necessitate drainage of the mines, Mr. Bredemeyer thinks 
these hills would yield largely. 

According to Captain S trover,'^ the rubies from this locality are lighter 
coloured, and therefore less valuable than those in the mines further to 
the north. 

It is evident from the above that the system of mining in practice 
at all the mines is very primitive ; but it does not follow that much 
deeper mining would be requisite, as beyond the limits of the layers of 
gem sand, which have a capricious distribution, stones would probably 
not be found. A considerable number of stones, some of them being 
spinel, are brought to Burma for sale. The topaz being somewhat 

* Colonel Yule's Mission to Ava in 1855; p, 3^. 

* Indian Economist, Vol. V, p. 14. 
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scarce is said to sell for higher prices in Burma than it would in 
England. 

Sapphire : General Remarks. — As with the ruby so also with 
the sapphire^ the reported cases of its discovery in peninsular India seem 
to be open to question. Thus one authority speaks of sapphire ^ or 
kyanite as though they were convertible terms, and in some cases it 
wou]d seem that amethyst or blue quartz has been mistaken for sapphire. 
A statement ^ that sapphires have been found at the gold washings in 
the Upper Godavari requires confirmation. 

In extra-peninsular India, in the Kulu district of the Punjab,’* sap- 
phires are reported to have been seen in situ in the rock, but no stones 
appear to have been ever brought from thence ; this appears to have been 
a singular act of self-denial on the part of their discoverer. This report 
also certainly needs confirmation. 

In Burma, sapphires, as has been above stated, occur with the rubies 
in the same mines. They are generally larger than the rubies, but in Mr. 
Spear^s opinion, as quoted by Dr. Oldham, they are found in much less 
numbers, the proportion being as 1 to 500. In Ceylon the exact con- 
verse appears to be the rule, rubies being of rare occurrence. White 
sa])phire8, which have been mistaken for diamonds, have also been found 
in these Burmese mines. The oriental emerald is merely a green sapphire ; 
it is harder than the true emerald, which is a green beryl. 

Spinel or Balas Ruby : General Remarks. — The spinel ruby dif- 
fers from the true oriental (corundum) ruby in composition by containing 
a varying percentage of magnesia, and the magnesium is occasionally re- 
placed by iron, calcium, manganese, or zinc. The mineral therefore in- 
cludes many varieties, some of which are opaque and unsuitable for jewel- 
lery. The spinel ruby is distinguished from the corundum ruby by 
being of inferior hardness and, when crystalline, by its octohedral form. 

There is little or no information as to the occurrence of the spinel in 
peninsular India. Its occurrence in Mysore has been asserted, but appa- 
rently requires authentic confirmation. There are several countries beyond 
the confines of peninsular India where the balas ruby has been regularly 
mined for, and of these the following are the principal. 

Afghanistan. — In the year 1879 the so-called ruby mines of the 
late Amir of Afghanistan, Shir Ali, which arc situated near the village 
of Jagdalak in Kabul, were visited by Major Stewart of the Guides. 
Two specimens of the stones, called yakut by the natives, and samples of 


» Dr. Walker. Madras Jour, of Lit. aud Sci., Vol, XVI, p. 186. 
^ Central Provinces Gazetteer, p. 506. 

» J. Calvert. Kulu, p. 54, 
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the matrix^ were forwarded to the office of the Geological Survey for 
examination. The stones proved to be spinel, and the matrix a crys- 
talline micaceous limestone. Major Stewai’t* states that the Amir kept a 
strict guard over the mines and only allowed particular friends of his 
own to work them. 

Badakshan. — The balas ruby mines of Badakshan are situated on 
the banks of the Shighnan, a tributary of the Oxus. They have been 
known by reputation for very many centuries, and the name halm is 
derived from Balakshan, another form of writing the name of the country 
or from Balkh the capital town.* This may possibly be the origin of the 
common mistake made in English works on precious stones, namely, that 
these mines are situated in Balochistan I Marco Polo states that in his 
time the mines were wholly in the hands of the King, who kept up the 
value of the stones by only permitting a limited number to be exported. 
Colonel Yule^ remarks upon this that the monopoly has been continued 
to the present day. When Murad Beg of Kunduz conquered Badakshan 
he was so disgusted with the poor outturn of the mines that he aban- 
doned working them, and the population of the neighbourhood were sold 
as slaves. In 1866 the reigning Mir had one of the mines opened at the 
request of Pundit Manphul, but without much result. Wood, in 1837, 
attempted to visit these mines but failed ; however, he gives a short 
account of them. The matrix, he states, is a red sandstone, or a limestone 
largely impregnated with magnesia ; most probably it is a limestone, as 
such appears to be the usual matrix. The galleries were easily made 
and numerous, but the frequent influx of water caused much trouble. 

Upper Burma. — It is stated that a large proportion of the rubies 
which are sold in Burma are really only spinel, this mineral apparently 
occurring also in the already described gem sands. When the crystalline 
form is obscure the two stones may be distinguished either by their 
hardness, specifle gravity, or their refractory powers. Although of less 
value, the spinel rubies are largely used in jewellery. 

The Rev. F, Mason,® who gives some interesting information on this 
subject, states that he had a stone, which every native who had seen it, — 
and some of them are very good judges indeed, — supposed to be a true 
oriental ruby or red sapphire, but its crystalline form — a regular octohe- 
dron — showed it to be a spinel. 

He states that the dark-blue or blackish variety of spinelle called 
ceylanitc or pleonaste is offered for sale by the Shuns under the same 

* Prog. As. Soc. Bengal, 18K), p. 4. 

® Prinsep J. Jour. As. Soc. Bengal, Vol. I, p. 359. 

^ Travelfl of Marco Polo, Vol. I, p. 152. 

** Journey to the Oxus, p. 315. 

* Natural Productions of Burma, p. 27. 
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name as sapphire. Gem sand containing^ small fragments of garnet, beryl, 
and spinel, together with the more precious stones, is a regular article of 
merchandise with the Shans. Three-fourths of the mass consists of 
spinel. Purchasers may rest assured that the valuable stones have, as a 
rule, been all removed by the wily Shans. 

Alum : General Remarks. — The hydrous aluminum sulphate sel- 
dom occurs pure, a portion of the alumina being generally replaced by 
potash, soda, ammonia, magnesia, or iron, so forming a group of alums 
which have different compositions. As a rule these may be regarded as 
secondary products, since they result from the decomposition of pyrites 
by oxidation under the influence of heat and moisture, and the liberated 
sulphuric acid combines with the above-mentioned bases. Thus it is 
that shaly beds, containing pyrites, throw out an efflorescence of these 
salts when exposed to the atmosphere, and this is availed of by the native 
manufacturers of alum, who, as will be seen, have discovered that it is 
necessary to supply a second base, and therefore add nitre to the liquor. 
Iron sulphate may be regarded as a by-product obtained during the 
process. 

Alum shales, so called, are of rare occurrence in peninsular India, 
and, so far as is known, the only considerable native manufacture is 
situated in Rajputana ; but as will be gathered from what follows, the 
tertiary rocks of the extra-peninsular regions often contain such shales. 

In two localities lumps of alum, the result of concentrated exudation, 
occur naturally in sufficient abundance to bo a regular article of export. 

Alum is principally used as a mordant in dyeing, but as a drug its 
employment is extensive in India. 

Behar. — Captain Sherwill in 1846 > stated that a small quantity of 
alum was manufactured from slates obtained in the district of Shahabad ; 
these rocks, it is believed, belonged to the Bijigarh pyritous shales of the 
Kaimur group of the Vindhyan series. 

The alum was sold at the high price of one rupee per tola ; it was 
identical with the salajit of Nepal, described on a following page and 
was highly esteemed as a drug. Copperas or iron sulphate is obtained 
in the same region, which is situated to the north of Rotasgarh, and to 
the west of the Sone {vide Chapter VIII) . 

Rajputana, Khetri, and Singhana.— In connection with the copper 
mines at the above localities there are manufactories which turn out 
considerable quantities of blue vitriol (copper sulphate), copperas (iron 
sulphate), and alum. The process has been very fully described and 
illustrated by Colonel Brooke.” In 18G4 there were twenty of these 

* Jour. As. Soc. Bengal, Vol. XV, p. 58. 

2 Op. cit, Vol. XXXllI, p. 525. 
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factories at Khetri and about double the number at Singhana. The broken 
shale from the mine which contains the salts is placed in earthen gharas, 
together with the crust from the refuse heaps of previous lixiviations, and 
water is added. The gkaras are arranged on ledges prepared for the pur- 
pose on the heaps of refuse, as will be seen by reference to Plate No. X. 

Each charge of shale is exposed to three changes of water, and the 
water itself is changed from one ghara to another till it has taken up the 
sulphates from seven different steepings. It is then of a thick dirty- 
bluish colour, and is taken to the boiling-house, where it is boiled in 
earthen gharas ; when sufficiently concentrated it is left to co*ol, and thin 
sticks being introduced the blue vitriol crystallizes on them. The 
mother liquor is then poured off and again boiled, and on the addition of 
saltpetre the alum crystallizes at the bottom of the vessel. The residual 
sulphates still in solution are allowed to crystallize out by exposing the 
mixture to the sun. 

Seven to eight maunds of shale, with an equal quantity of the refuse, 
on which the exposure has caused the salts to crystallize out on the sur- 
face, yielded four seers of blue vitriol, four seers of alum, and 20 seers of 
mixed and impure sulphates, including copperas or iron sulphate. The 
selling prices per maund are for the first Rs. 14, for the second Rs. 4, 
and for the third Re. 1. Colonel Brooke gives an estimate of the cost of 
production, from which it would appear that it is not a very profitable 
trade. The Raja claims one-sixth of the gross produce as his royalty. 
Mr. Hacket* states that large iron vessels are sometimes used for boiling 
down the liquor, and records that Mr. Mallet found traces of nickel 
and cobalt in all these products. 

Outch. — There are numerous accounts of the manufacture of alum 
in Cutch. The earliest is by Captain McMurdo, who states that before 
1818 the export of alum amounted in some years to several hundred 
thousand maunds, which chiefly went to Guzerat and Bombay to be 
employed in dyeing. The following account by Mr. Wynne^ is the most 
recent and complete. The site of the operations is at Mhurr or Madh. 

The rock containing the materials is a pyritous dark-gray or black 
shale, which is in close association with a soft aluminous pseudo-breccia 
of the sub-nummulitic group. 

This shale is excavated from pits and mines during the rains, and 
is exposed for four months, a slow combustion taking place owing to the 
decomposition of the pyrites. ^ 

It is then spread in squares resembling salt pans and sprinkled 

> Records, G, S, I., Vol. XIII, p. 246. 

3 Mem., a. S. I., Vol. XI, p. 
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with water. After about 12 days it consolidates into efflorescing^ mam^ 
millated crystalline plates op crusts called ^hithari-ka^Hj^Gx seed of alum. 
These crusts are boiled in laige iron vessels (luted inside with lime) ., 
together with saltpetre (or other potash salt), in the proportion of 15 of 
the ^alum seed Ho 6 of the latter; when it has settled the liquor is placed 
in small earthen vessels somewhat the shape of flower-pots, and crystal- 
lization takes place in three days. These crystals are again boiled one 
or more times to concentrate the solution, which is finally ladled into 
large thin bladder-shaped earthen mutkas or g haras with small mouths ; 
these are sunk into the ground to prevent their breaking, and in five 
days the alum is found crystallized in masses. The vessels are then 
broken and the alum is stored.^^ 

Alum is also manufactured from the water of a hot spring north of 
Mhurr. The impure saltpetre, which is employed to supply the second 
base in the above-mentioned manner, is obtained by lixiviation of village 
refuse. 

In the year 1867 the outturn of alum in Cutch was about 294 tons, 
but subsequently the demand ceased altogether. This was attributed 
to the State having mismanaged the monopoly, to competition in 
Bombay with Chinese and English alum, and to the Cutch alum being 
discoloured and giving a tinge of colour to cloth. According to an 
assay by the Chemical Examiner to Government, it would appear to be 
really purer than what is generally imported, containing only 13 per cent, 
of impurities, and yielding 10*73 per cent, of alumina, or only 0’12 per 
cent, less than the theoretic quantity. The State monopoly having been 
removed, and an improved system of working having been suggested, it 
is hoped that the industry may revive. Mr. Pearson has calculated that 
for every 560 pounds of alum 4,000 pounds of alum earth, 360 pounds 
of potash salts, and 240 pounds of fuel are required, and of labour, 5 men 
for 4 1 days at a daily wage each of about one shilling.^ 

Sind. — Several accounts of Sind allude to the fact that alum is or 
has been manufactured by the natives, but there does not appear to be 
any published description of the actual process which is employed. Mr. 
W. T. Blanford® states that it is reported to consist merely in a rude 
lixiviation of certain pyritous shales found in the Gaj, Rauikot, and Nari 
groups. The potash required, it is suggested, is procured from the ashes 
of plants. Several places were seen where the manufacture had been 
carried on. 

It is probable that at many places in the country on the flanks of 


c 1 


• Bombay Oaxottot-r, Vol. V, p. 10. 
s Mem,, G. S. 1., Vol. XVll, p. 105. 
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the Suleman range, where so-called alum shales are known to exist, the 
manufacture is carried on to some extent. • 

Afehanistan.— According to Captain Hutton* the alum used in 
Southern Afghanistan was chiefly imported from various directions, but 
an inferior quality was prepared in Zamindwar. 

Punjab : Bannu District : Kalabagh, Lat. 32° 58'; Long. 71° 38' 
-—The manufacture of alum at Kalabagh was formerly an industry 
of some importance. It has been described by Drs. Jameson ^ and 
Fleming, ^ and the following is derived from a r4sum6 of their inform- 
ation by Mr. Wynne,^ A layer of brushwood is spread on the ground, 
and upon it alternate layers, each about a foot thick, of alum shale and 
brushwood are placed to a height of 20 or 30 feet. The heap is ignited 
from below, and fresh layers are added as before. This is left burning 
for several months, and then the thoroughly burnt shale or rol is lixivi- 
ated in vats with water. The liquor is then drawn off and allowed to 
deposit sediment. It is subsequently boiled with an impure alkaline 
salt called jammn, which is obtained by lixiviation from huller or reli > 
which probably contains a mixture of salts of soda and potash. The liquor 
is then allowed to settle and slowly crystallize, the crystals being 
removed, washed, dried and melted in iron pans in their own water 
of crystallization. The fluid is then transferred into earthen ovoid jars 
for eight or ten days to re-cry stallize ; after this time the mass, which is 
generally hollow, is ta])ped, and the uncrystallized alum solution drained 
off, when the jars arc broken and the alum is ready for sale. 

The industry appears to have fallen oft* of late years. In 1878, when 
visited by Mr. Wynne, no alum was being made at Kalabagh, and at 
Chichali there was only one kiln at work. 

Salt-range. — The manufacture of alum is, according to Mr. Wynne,^ 
no longer carried on in any part of the Salt-range. Formerly it was 
made at Yirgal, on the Son Sakesar plateau, and also beneath Sakesar 
mountain at the head of the A mb glen. In both these places a black 
shale at the base of the nummulitic limestone afforded the material. 

North-West Provinces : Kmnaun District. — Pyritous shales 
occur in different parts of Kumaun, especially near the village of Jak, on 
the road from Naini Tal to Khairna. There is no manufacture of alum 
carried on at present so far as is known, but the natural alum or mlajU 
is collected for medicinal purposes, 

' Cal. .rour. Nat. Hist., Vol. VT. p. 603. 

- Jour. As. Soc. Bengal, Vol. XII, p. 212. 

Op. c!f., Vol. XVII, p. 622. 

‘ Mem. G. S. T., Vol. XIV, p. 301 ; and Vol. XVll, p. 03. 

‘ ciX,VolXIV, p, 601. 
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Nepal. — A more or less pure native aluminium sulphate, which is 
found in Nepal, is widely known as a drug under the name of salajity as has 
been mentioned in the account of Behar. Two papers on the subject by 
Mr. Stevenson and Dr. Campbell respectively appeared in 1833. ^ The 
former gives a description of a sample which he purchased at the high 
rate of a rupee for two rupees weight ; it was in small brownish- white lumps 
with a semi-crystalline structure internally. It consisted of 95 per cent, 
of aluminium sulphate with 3 per cent, of iron. Dr. Campbell remarked 
upon this that the average qualities of salajit contained only about 66 
per. cent, of aluminum sulphate. 

The mineral was found throughout the lower, central, and upper hills 
as an exudation upon soft rocks, and was sometimes, according to report, 
obtained in their substance. It was believed to be obtainable in consi- 
derable quantities, though the price at Katmandu was from Rs. 1 1 to 
Rs. 15 per maund. Sold as a drug in India, where it was used as a speci- 
fic for a number of diseases, both internal and external, its price was 
purely fanciful. That it really occurs in Nepal anywhere in sufficient 
quantities to be of commercial importance is improbable, but doubtless 
the rocks from which it exudes might by lixiviation be made to yield a 
supply. Dr. Campbell alludes to a so-called black salajii as being 
probably a bituminous substance. 

Assam, — Associated with the coal-measures in Upper Assam there 
are pyritous shales, and it has been suggested by Mr. Mallet that if any 
considerable quantity was raised incidentally in the coal-mining, it might 
be profitable to use it in the manufacture of alum and copperas. Alum 
exudations or salajit are sometimes collected here too by the natives. 

Burma. — Although it is not improbable that alum shales occur in 
several parts of Burma, it does not seem that they have hitherto attracted 
much notice. According to the Rev, F. Mason,^ a clay slate in the 
valley of the Tenasserim, about 40 miles below Mahtah, at the forks, 
is a source of alum. In 1802 Dr. Brandis reported his discovery of 
alum shales in the Yoonzaleng district in Martaban.'* 

Turquoise : General Remarks. — The hydrous aluminum phosphate 
or calaite, otherwise known as turquoise, may be mentioned here, though 
its occurrence in India is doubtful. Mr. Prinsep^ from the presence of 
certain blue streaks in the copper ores of Rajauri in Ajmir, suggested 
the possibility of turquoise being found there. Subsequently Dr, Irvine® 

^ Jour, Ab. Soc. Bengal, Vol II, pp, 321, 482, and 605. 

2 Mem., G. S. I., Vol XII, p. 361. 

^ Natural Productions of Burma, p, 33. 

* Administration Report of British Burma for 1861-62, p, 30. 

Jour. As. Soc. Bengal, Vol, IV, p. 584. 

* Topography of Ajmir, }). 162. 
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stated that it was reported to be found in the Ajmir hills and at Ram^arh 
in the Shekhwati country, and was used for ring's, but it seems possible 
that this was really a variety of blue copper ore which Priusep called a 
urquo ise copper ore. There has been no recent recorded discovery of 
turquoise in this re^on. 

The principal known turquoise mines in the world are at Ansar, near 
Nishapur in Khorasan in Persia, to which Tavernier alluded under the 
name Michebourg. 

Oerium : General Remarks. — The claims of cerium and its ores 
o be includedi n this account are at present very slender, their employ- 
ment for any useful purpose being limited to the preparation of several 
medicines. The following contains the whole of the information which 
is available as to the distribution of ores of cerium in India. 

Madras : Elamnl District : Gazalpullt — In the year 1846 Captain 
Newbold forwarded to the Asiatic Society a specimen of what he believed 
to be an ore of cerium which was obtained, as has been mentioned in 
Chapter VII, in the lead mine at Gazalpully. Its appearance was 
described as follows : ‘ 

A light-reddish and fawn to peach-coloured matrix, which has some- 
times a glimmering lustre like that of lepidolite, hardness about 6, but 
often hard enough to strike fire with steel where it appears to pass into 
chert, which also appears in the vein stuff. The fracture is evenly granular, 
inclining to splintery, streak faint pink or reddish -white, opaque.^^ Mr. 
Piddington describes in detail luj examination ; he determined it to be a 
triple carbonate of iron, lime and cerium mixed with galena and traces of 
other substances. He was doubtful as to its having a definite composition. 
There does not appear to be any available information as to the abundance 
of this mineral. 

Under the somewhat vague title, * mineral du Coromandel,^ a substance 
taken from India by M, Leschenault was mentioned by Beudan.t in his 
‘ Traitc de Mineralogie.^ It has been analysed by M.M. Laugier and 
Damour,^ and the latter has identified it with a mineral from the Ural 
mountains, which has been named Tcheffkinite, and which is a silicio- 
titanate of cerium, iron, lime, manganese and magnesia. Itfis possible that 
the mineral obtained by Mr. Leschenault may have been from Captain 
Newbold^s locality. 

Nepal.— .An account of a mineral called nepalite has been given on 
page According to Mr. Piddington it contained 9 ’4 percent, of 

oxide of cerium.^ 

^ Jour. As. Soc. Bengal, Vol. XV, p. Ixii. 

" Bull. Soc. Geol. Prance, 2 ser, XIX, p. 650. 

^ Jour. As. Soc. Bengal, Vol. XXIII, p. 173. 
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CHAPTER X. 

MAGNESIUM COMPOUNDS. 

EP80MITE — MAaNESITE—TALC— STEATITE, &C.— 'MEEBSCHAUM— BEEPBNTINB. 

Epbomitb — G eneral Remarks — Punjab. Magnesitb— G eneral Remarks — Madras — Salem. 
Steatite, &o. Talc — G eneral Remarks — Madras — Mysore— Hyderabad— Orissa 
Bengal — Chutia Nagpur— Central Provinces — Berar—Rajputana— Bombay— Afghanis- 
tan— North-West Provinces— Bhatan-^Burma. Mbebsohaijk — G eneral Remarks^ 
Seepbktitb — G eneral Remarks — Madras — Bengal — Punjab — Burma — Andaman 
Islands. 

Epsomite: General Remarks. — ^This mineral, better known as 
epsom salts or sulphate of magnesia, is found as an efflorescence on mag- 
nesium limestones and gypsum, and in solution in the waters of mineral 
springs. Its name is derived from the springs at Epsom, which were dis- 
covered more than 250 years ago and attained a considerable fame. The 
salts of commerce are mostly artifically manufactured either from sea- 
salt, from magnesian limestones, or from magnesite by treatment with 
sulphuric acid. 

Besides the well-known medicinal uses to which epsom salts are put 
they are said to be sometimes used to give weight to cotton cloth, and it 
is therefore not improbable that the actual imports of the substance into 
India are more considerable than would seem from the customs returns 
under the heading of drugs. Doubtless epsomite is to be found as an 
efflorescence in many parts of India, being an occasional constituent of 
reh (see Chapter XII) , but its occurrence appears to have been described 
only in Spiti. 

Punjab : Lower Spiti. — In Lower Spiti, in connection with consider- 
able deposits of gypsum and arragonite, Mr. Mallet^ mentions the 
occurrence of a plentiful efflorescence of epsomite on the black slates 
which have afforded the materials from which the other minerals have 
been formed. By collection and lixiviation of the fragments of slate a 
considerable supply might easily be obtained. 

Salt-range: Mayo Mines. — Under the name kieserlte a hydrous 
magnesium sulphate has been made known as occurring mixed with 
sylvine (potassium chloride) in a lenticular deposit, from 2 to 3 feet thick. 


» Mem., G. S. I.. Vol. V, p. 160. 
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in the Mayo salt mines. Fifteen maunds of this mixture, an analysis of 
which will be given on a future page, was collected, but so far as is 
known no more has since been met with. The discovery was made by 
Dr, Warth.^ 

Magnesite : General Remarks. — This mineral is well known as car- 
bonate of magnesia. It generally occurs in veins associated with other 
magnesian rocks, such as serpentine, dolomite, &c. Its medicinal uses, 
under the name magnesia, do not need to be described ; when found abun- 
dantly it is used in the manufacture of Epsom salts, as has been already 
stated. 

The principal known deposit of magnesite in India is in the Salem 
district of the Madras presidency. According to Lieutenant Ochter- 
lony, it also occurs in Trichinopoli, Coimbatore, and Mysore, and accord- 
ing to Newbold in Nellore. 

Madras : Salem District : Salem. — ^The principal magnesite deposit 
occupies an area of about 8 or 10 square miles, which is situated 
4 miles to the north-west of Salem. It is said to have been first 
discovered by Dr. Hoyne ; but iu 1825 it was specially brought to 
the notice of the Madras Government by Dr. Macleod, who proposed 
its employment as cement. Some years later he was rewarded by re- 
ceiving a gift of Rs. 3,000 from the Company in acknowledgment of 
what was then believed to be a discovery of great importance and 
value. There are a number of papers which describe the appearances 
presented by, and the characteristics of, this magnesite, but the most 
complete early account of it was given by Captain Newbold.^ Sub- 
sequently, the area was examined by the Geological Survey, and Messrs* 
King and Foote,'’ in their report on the districts of Trichinopoli, Salem, 
&c., enter very fully into a description of its mode of occurrence, and they 
also discuss the question of its origin. 

The magnesite occurs in veins which are situated in fissures travers- 
i ng not only magnesian rocks, such as talcose and chloritic schists, but 
also, though less abundantly, certain hornblendic rocks which, where this 
is the case, present an altered and earthy appearance. The aspect 
presented by the two tracts which are included in the above-mentioned 
area of magnesite- traversed rocks is most peculiar, as the veins stand out 
iu relief, and, owing to their crossings and reticulations, look like a solid 

' Conf. Rec., G. S. I., Vol. VII, p. 64; aud Mem., G. S. I„ Vol. XIV, p. 80. 

- Cal, Jour. Nat. Hist., Vol. II, p, 284. 

* Jour. Roy. As. Soc., Vol. VII, p. 161. 

► G. S. I., Vol. IV, p. 312. 
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network stretched over the sui'face. When freshly broken^ or washed by 
rain^ the magnesite is generally of a dazzling white colour^ otherwise the 
colour is a subdued or dirty gray. The veins are sometimes 2 to 3 feet 
thick, but are generally much less. Chalcedony often occurs very intimate- 
ly intersj)ersed and coating the surface, upon which, too, crystals of 
quartz are sometimes to be seen. Fibrous serpentine or chrysotile is found 
rarely, and, as has already been stated in Chapter VlII, masses of chromite 
or chromic iron ore exist in sufficient abundance to have been at one time 
mined for. Talc is present in some parts of the deposits, but no silicate 
of magnesia, of the character of meerschaum, has yet been noticed, nor is 
there any record of jade having been obtained in connection with the 
hornblende or amphibole rocks, though the occurrence of either or both of 
these might perhaps be expected. 

In the western extension of the area there is a band of potstone 
unaltered, and it is suggested that an impure serpentinous rock, in which 
a large number of the magnesite veins occur, is merely the altered condition 
of this potstone, the alteration having been affected by hot acidulated 
springs, which first dissolved a portion of the magnesia, and then deposited 
it in veins, as the carbonate, and with it the iron chromate, the chromic 
acid in which may have come from a distant source. 

Messrs. King and Foote mention a number of other localities in both 
the Salem and Trichinopoli districts, where minor deposits of magnesite, 
presenting local differences, occxir. For the details the reader is referred to 
their report. No fossils have been found in the magnesite, and the only 
index of age is afforded by the fact that the spring sites and the deposit 
generally have not been affected by marine denudation, so that the foi’m- 
ation is subsequent in time to the period when the cretaceous rocks of 
Trichinopoli were upheaved. At the same time, since some of the deposits 
occur at a higher level than the cretaceous rocks it is conceivable that 
they may date back to an earlier time. 

Talc— Steatite : General Remarks.— Talc is a magnesium silicate 
in which a portion of the magnesium is often reY)laced by iron. 
The so-called talc of commerce and of popular parlance is really mica, 
a wholly distinct mineral. There is no difficulty, generally speaking, in 
distinguishing them, for while both are flexible, mica alone is elastic. 
The greasy feel and pearly lustre of talc further serve to distinguish it* 
The foliated varieties of talc are inapplicable to the purposes to which 
mica is principally applied. In the form of talcose schists or potstones, 
and when massive in the form of steatite, soapstone, or potstone, talc 
is applicable to a variety of useful purposes. 



*40 


GEOLOGY OF INDIA—TALC- STEATITE. 


[ Chap. X. 


Owiug to the wide distribution of the varieties of talc throughout the 
metamorphic rocks which occupy so extended an area in India, it would 
be impossible, except with the expenditure of a very considerable amount 
of space, to give a detailed account of all that is known on the subject 
here. It is to be understood, therefore, that the following does not ex- 
haust all that might be said on the subject, but that it is to be taken as 
representative. The references will enable those who require local inform- 
ation to turn to the original sources where it can be obtained. 

Madras : Salem District : Tandagoundenpolliam. — A bed of com- 
pact steatite is largely worked as a potstone at this locality, and great 
quantities of plates, bowls, &c., are manufactured and are exported as far 
as Tanjore.^ Vessels of this and similar materials are used for culinary 
purposes, especially by high-caste Hindus, throughout India, although 
they cost much more than earthenware vessels. The properties they pos- 
sess, and which commend them specially for this purpose, are that they 
do not communicate any unpleasant taste to food as do unglazed earthen- 
ware vessels, and that they will stand great heat, so that they can not 
only be used for cooking but can be purified by fire, a matter of no slight 
importance to the class mentioned. 

The manufacture of a similar potstone is also carried on at Zerma- 
putty, a village near the end of the valley separating the Kolymullays 
from the Tullamullays. The vessels are, it is stated, fashioned with rude 
tools, and it is to be presumed finished in primitive lathes as is the custom 
elsewhere. 

Captain Campbell ^ alludes to the common occurrence of steatite in 
the schistose rocks of Salem ; it was used to make pencils for writing on 
slates ; at Shoragamally, north-west of Salem, it was quarried and made 
into vessels of various shapes. 

Mysore. — Numerous localities in Mysore, where there were potstone 
quarries in the early part of the century, are mentioned by Dr, Buchanan.^ 
Not only was the stone used in the manufacture of vessels but as 
a building stone in temples and palaces. Some varieties bore the 
name pratima culler , or image stone, being chiefly used for carving into 
idols. According to the ‘^Mysore and Coorg Gazetteer,^^ the material for 
the famous carvings on the temple at Halebid was obtained from potstone 
quarries in the Hussan and Belur taluks. 

The so-called blackstone of Mysore has been supposed to be a horn- 
blendic rock, and Buchanan mentions that some of the potstone appeared 

» W. King and R. B. Foote. Mem . G. S. I., Vol. IV, pp. 324, 371. 

® Calc. Jour. Nat. HiRt., Vol. VI, p. 213. 

^ Journey through Mysore, &c., Vols. Hand III. 
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to him to b« more nearly allied to hornblende rock. But Newbold' has 
described it as consisting of a black talcose paste with numerous crystals 
of magnetite. It takes a beautiful polish, and has been used for the pil- 
lars of the mausoleum of Hyder at Seringapatam. Some of these have 
a property of double reflection, which is regarded by the natives as 
evidence of supernatural agency. 

In the Administration Report of Mysore for the year 1878-79, it is 
stated that the potstone raised during that year amounted to 920 maunds, 
the value being Rs. 1,000. 

Hyderabad. — Dr, Heyne^ mentions the use of steatite for writing 
on wooden tablets, which were prepared for the purpose by being rubbed 
over with the juice of green leaves. He also mentions that finely pow- 
dered talc was used to give a gloss to the surface of chunam work. 
Both of these, he was informed, were obtained from a place called 
Ananegabad. 

Several of the accounts of the manufacture of iron and steel in 
Hyderabad mention that potstone, or as it is called by the natives hallapam^ 
was used for the floor of the hearth. The refractory powers of steatite 
have rendered it invaluable for this very purpose in other more advanced 
countries too, 

Orissa. — Many of the temples in Orissa, more particularly the Black 
Pagoda, and those at Bobaneshwar contain samples of sculptured steatite 
which is believed to have been obtained in the Nilgiri hills of that 
province, where blocks of any size may be quarried.® 

Small idols, carved in a slaty black steatite, are sold in large numbers 
at Puri, and carried all over India by pilgrims as mementos of their 
visit to Jagannath, 

Bengal : Midnapur District. — The potstones of Midnapur are, or 
used to be, worked at a number of localities, but the requirements of 
Calcutta and the alluvial districts all round are extensive, and from 
several parts of Chutia Nagpur and Behar the exports of stone plates, 
bowls, &c., are considerable, 

Behar : Gya District. — A dark-blue or black steatite is obtained 
at a village called Pathalkati, 20 miles north-west of Gya, and is 
there manufactured into cups, plates, vases, figures of animals, of which, 
as in the case of J agannath, large numbers are carried away by pilgrims.* 

' Jour., Roy. As. Soc., Vol. XI, p. 11. 

2 Tracts, p. 272. 

3 Mem., G. S. I., Vol. I, p. 278. 

♦ Statistical Account of Bengal, Vol. XIII, p. 26; Bengal Administration Report, 
1876-77, p. 156. 
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Potstones of several qualities are obtained in different parts of this 
disti-ict. 

Ohutia Nagpur : Manbhum and Singhbhum Districts.— In the 
ranges of hills separating Manbhum from Singhbhum, there are a num- 
ber of beds of potstone and chloritic schists, which are mined to a consider- 
able extent, and the manufactured plates, basins, &c., are exported in 
some quantity vid Bardwan to Calcutta, where, as also through the rest 
of Bengal, crockery ware is but little used by the higher classes of Hindus, 
who still prefer either metal or stone plates and basins for their food. 

The mines in the above districts have recently been fully described.* 
The principal deposits occur as beds in the sub-raetamorphic or lower 
transition series. There are some also in the older metamorphic rocks, and 
there are also some masses which occur in association with the trap from 
which they have been possibly derived by a process of alteration or 
replacement. There is considerable variety among these potstones, some 
being foliated, and schistose, and not very well adapted to the purpose to 
which they are put ; others are coarsely granular or crystalline ; compact or 
homogenous steatite in this region is rare if even it be present. Some 
of the varieties which include chloritic minerals, do not, when carved 
into vessels, stand heat ; they are, accordingly, but little esteemed. 

Mines, both ancient and modern, are numerous, but seldom go to 
greater depths than 20 or 30 feet, but horizontal galleries are occasion- 
ally driven for some distance. 

Each plate or curry platter passes through four hands, the cost of 
production being as follows — (1) The man who quarries earns 1 anna ; 
(2) the rough shaper ; (3) the clean shaper ; and (4) the turner, who uses 
a rude lathe in which the vessel is finished off; each earn one peiss. The 
employer receives from the merchants about or 3 annas ; such a plate 
would in Calcutta sell for perhaps 8 annas. 

An analysis of a fragment of one of these potstone vessels made by 
the late Dr. M. H. Ormsby gave: — 


Silica 

• 


54G 

Alumina 

. 


5-08 

Iron peroxide 



6.24 

Manganese dioxide .... 

. 


0-64 

Lime 

• 


024 

Magnesia . , . . • 



. 28-88 

W ater 


• 

4-00 




99-68 


Mem., G. S. 1., Vol XVIII, pp. Ill, 148. 
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Central Provinces. — Talcosc Bchists, with bands of steatite, * occur 
in the metamorphic rocks in various districts of the Central Provinces, 
but detailed information as to their distribution is not available. In 
1843, Mr. Wilkinson stated that steatite or soapstone was largely 
used by the natives medicinally at Nagpur ; it was sold at the rate of 
10 seers for a rupee, and was supposed to be obtained in the Jabalpur 
distriet.2 Messrs. Hislop and Hunter^ state that a dark-coloured pot- 
stone, with a metallic lustre, which is found at the Jambal Gh&t, in the 
Clianda district, was specially reserved by the Maratha authorities for 
the manufacture of idols. The lighter-coloured varieties which occur at 
Dini, near Kampaili, and at Biroli, near Tharora, on the Wainganga, have 
long been used for making into vessels. Steatitic schists of pure white 
tint, with a few included garnets, occur at Kaneii, on the Chalband river, 
and at various localities east of the Wainganga. 

Berar : Wun District : Wun. — A steatite of fine texture and sus- 
ceptible of taking a good polish, is said to occur in abundance within a 
few miles of the town of Wun. 

Rajputana : Raipur State : Mora, Lat. 50' N. ; Long. 76° 51' 
E. — The beautiful bluish-gray soapstone, which is so much used in Agra 
for the manufacture of delicately carved ornamental articles, is obtained 
in a mine situated 1 mile west of Mora, a village 16 miles north-west of 
Hiudaun, in the territory of the Maharaja of Jaipur, 

The following account is derived from notes made by Mr. C. H. 
Hacket during a recent visit (1880) to the locality. The steatite or 
soapstone occurs in a bed, averaging 2 feet in thickness, which is inter- 
calated with quartzites of the Arvali series. The dip is about 30° to 
north-east, and the outcrop is on the side of a hill at an elevation of 
about 150 feet above the plain. 

The quality and thickness of the material vary, and the system of 
mining is somewhat rude, the roofs often falling in during the rains 
when the mines are deserted. The entrances to the mines are by inclines 
which dip with the strata. Cubes of pure stone of from 1 foot to 18 
inches can be obtained. The mining operations during the dry season 
are somewhat intermittent, as they only take place when the merchants 
from Agra arrive with orders, the total of which amount on the average 
to 1,500 maunds per annum. 

The following statement of cost was obtained from the head villagers 

» Mem., G: S. I., Vol. II, p. 137. 

2 Cal. Jour., Nat. Hist.. Vol. Ill, p. 291. 

Quar. Jour., Geol. Soc., Vol. XI, part 3, p. 380. 

* Berar Gazetteer, p. 27. 
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by Mr. Hacket. It will be seen that the actual miners receive less than 
one-tenth of what is paid by the merchants while the royalty is nearly 


three-tenths : — 

Per maiind. 
Ag. P. 

To the Khatis or miiiera 10 

Carriers from mine to Mom 2 0 

Zamindar of Mora ......... 2 0 

Sonar or broker (financier) 0 6 

Chowkidar of village 0 6 

Chowkidar on guard 0 6 

Putwari for weighing 0 6 

Village charities 0 3 

Maharaja of Jaipur (royalty) 3 0 


Total cost delivered at Mora . 10 3 


Attention has recently been directed to this steatite as possibly afford- 
ing* a suitable substance for the manufacture of gas-burners, but whether 
it has been found in practice to be completely free from all tendency to 
deflagrate is not known. 

Bombay. — In the Southern Mahratta country talcose or steatitic 
rocks have been extensively used in many places for manufacturing vessels 
and in architecture. 

Ratnagiri District. — In several places potstones occur cropping out 
from underneath the laterite^ of the Konkan, and are quarried, the stoue 
being worked up into vessels. Formerly, if not still, there was a steady 
trade in these articles between Goa and Bombay. 

Dharwar District. — Both Dr. Christie'^ and Captain Newbohh'^ allude 
to the occurrence of potstone in the south-eastern portion of the Dharwar 
district, where it was manufactured into cooking vessels, and was also 
used in sculpture. Mr. Foote mentions that the elaborately carved stone 
of the famous Gadag (or Gudduck) temples in Dharwar is a chloritic 
rock.^ 

Afghanistan.— Steatite is known to occur in the region of the Safed 
Koh, and it is probably found in many other parts of Afghanistan. It is a 
substance less useful for the conditions of Afghan life than it is for that 
of the Hindus, and deposits of it would therefore be likely to be unworked 
in that country, for which reason might it easily escape the notice of 
travellers. 


‘ Gibson, Dr. A. Jour. Bomb. Br. Roy. As. Soc., VoL I, p. 144. 
* Madras Jour. Lit. and Sci., Vol. IV, p. 462. 

» Jour. As, Soc. Bengal, Vol. XIV, p. 291, 

^ Mem., G. S. I., Vol. XII, p. 258. 
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North-West Provinces : Garhwal District.— A white soapstone 
is found in Garhwal ; being brittle it is not much used, but is turned into 
cups and vessels which when polished look like marble. It is said to 
answer the purpose of pipeclay and to be found in many places. Its 
exact composition does not appear to have been ascertained. ^ 

Bhutan. — A pure steatite, which is believed to occur intercalated 
with the Buxa series near Balia has been noticed by Colonel Godwin- 
Austen'^ and Mr. Mallet. From loose lumps of it which are found 
in the Balia ravine, the Bhutanese used to manufacture cups ; but the bed 
from whence the lumps came has not yet been found. 

Burma. — Pencils made of steatite or French chalk are largely used 
throughout Burma for writing on blackened paper. They are principally 
imported from Upper Burma as square sticks sawn from the block. 
They are from 4 to 6 inches long and the sides about J of an inch wide* 
An identical material is collected at numerous localities in the Arakan 
range by the inhabitants and applied to the same purpose. In Pegu, too, 
it is also obtained, but in small ovoid masses too small to yield pencils 
of the size of those which come from Ava.*"^ 

In the former case the including rocks belong to the Axial group, and 
in the latter to the Negrais group {vide Part II). In neither case does 
the steatite occur as an integral component of the rocks, but is due to 
subsequent alteration by replacement or to segregation in veins. 
Though often found with serpentine it also occurs independently of 
that rock in earthy beds. An analysis of this steatite, which is called 
rav^u by the Burmese, yielded — 


Water 2*4 

Silica 

Oxides of alumina Hiid iron . 3-41 

MapneHia . 3047 

Alkali ... ti. 


99-39 


Meerschaum. — This well-known mineral is a hydrous magnesium 
silicate of somewhat complicated composition ; there are several closely 

* Atkinson, E T. Economic Geology of Hill Districts, North-Western Provinces, Allaha- 
bad, 1877, p. 34. 

Jour. As. Soc. Bengal, Vol. XXXVIl, p. 121 ; and Mem,, G. S. I., Vol. XI, pp. 
35 and 90. 

3 Theobald, W. Records, G. S. I., Vol. IV, p. 43 ; and Mom., G. S. I., Vol. X, pp. 
3 36,352. 
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allied minerals, and o£ meerschaum itself there are a few recognised 
varieties having different textures. 

The meerschaum of commerce is obtained in Asia Minor, Greece, 
Moravia, Spain, &c., and when of the best quality is a valuable sub- 
stance. 

That a meerschaum of value occurs in any part of India is not known 
to be the case, and the subject is merely introduced here in order to direct 
attention to two localities where the prospect of finding it is perhaps 
sufficiently good to make it worth the while of those who may have the 
opportunity, to search for it. 

It would be in no wise surprising if the magnesite deposits of the 
Salem and adjoining districts, which have been described above, were 
found to include meerschaum, since the deposit is in part siliceous. 

It may be added that Dr. Voysey’ parenthetically mentions a bed of 
meerschaum as occurring with granite to the south-west of the Tad- 
manur hill in Hyderabad. It is scarcely likely that this, if an original 
rock, was true meerschaum, but it may have occurred with magnesites; 
had it been of any value, it would probably have received more notice. 

Among the magnesian clays and serpentines of the Nicobar Islands - 
it is conceivable that bands of meerschaum may bo found if properly 
looked for. 

Serpentine. — This mineral, otherwise called ophite, when pure, is a 
hydrous magnesium silicate, containing more water but less silica than 
talc. The proportions of these constituents respectively are — silica, 43 ‘48 ; 
magnesia, 43*48 ; water, 13*04 — 100. Iron peroxide is generally present 
in varying proportions, and there are traces of other colouring matters 
which give to this mineral such varied, and often such beautiful hues. 
There are numerous varieties of serpentine ; the so-called noble or precious 
serpentine is partially translucent : the fibrous, foliated, porcellanic and 
resin-like varieties are distinguished by various names. The fibrous 
varieties, which arc called clirysotile, &c., resemble asbestos, but as they 
contain a considerable quantity of water they are not applicable to the 
same purposes. 

Though, on account of its comparative softness, serpentine may easily 
be distinguished from jade, it is often mistaken for it. 

Yerd (miique marble consists of limestone with included serpentine, 
which often produces a beautifully clouded stone suitable for ornamental 
purposes. 


» .Tour. As. S()C. Bengal, Vol. XIX, p. 201. 

^ Conf. Jour. As. Soc. Bengal, Vol. XXXIX, p. 27, 
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The distribution o£ serpentine rocks in India is by no means univer- 
sal ; in fact they may be said to be of rare occurrence, though locally 
they are found in some abundance. 

Madras. — Serpentines, and more particularly serpentinous marbles 
which have, when wrought, a very ornamental appearance, are found in 
several localities in the Karnul and Kadapah districts. Serpentines occur 
in parts of Salem, especially in the region where the magnesite deposits 
are distributed. It may be an open question whether the black potstone 
of Mysore should not be properly described as a serpentine. 

Bengal. — In Midnapur some of the magnesian potstones have been 
described as being serpentines, and they possibly do represent a transi- 
tional stage. In several parts of Chutia Nagpur true serpentines have 
been observed, as for instance in the districts of Manbhum and Sing- 
blmm.^ Verd antique marble occurs in Mirzapur as will be described in 
the next ehapter. 

There appears to be no further information as to the occurrence of 
serpentine in peninsular India. 

Punjab. — A dark-green massive serpentine, occurring in association 
with chloritic schists, is found in the Puga valley and in the Ilanle valley 
below the monastery. The rock is traversed by thin seams of a finer 
quality which is frequently foliated ; and sometimes of a yellowish-green 
colour. Thin seams of a white mineral, supposed to be magnesite, fill 
joint-cracks in this serpentine.^ According to Mr. Calvert ’ there is a 
serpentine quarry on the Raugal mountain in Kulu. It is used for orna- 
mental purposes and also medicinally for disease of the liver. 

Captain Herbert mentions the occurrence of a very beautiful serpen- 
tine, which is worked beyond the Kali river in native territory. 

At Shigri in Ladak there is a mine of verd antique or calcareous ser- 
pentine, which is extensively worked, the substance being incorrectly 
called yesslimi or jade by the inhabitants.^ Cups made of a serpentiue 
called zahr rmthra are supposed to split if poison is put into them. 

Burma. — Serpentine is exceedingly abundant in parts of British 
Burma, being found associated with the rocks of both the Axial and 
Negrais groups, and it accompanies the latter in their extension south- 
wards into the Andaman and Nicobar Islands. 


* Mem., G. 8. 1., Vol. XVIII, Part II. 

2 Mallet, F. It. Op. cil., Vol. V, p. 172. 
^ Kulu, p. 4. 

^ Proc, As. Soc. Bengal, 1880, p. 4. 
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Mr. Theobald ^ states that in Pegu it occurs in three localised areas, 
which are all with one exception situated on the eastern side of the 
Arakan range, and among the outer ranges of hills. Though capable of 
yielding an ornamental stone on account of its colours, it is so seamed by 
cracks that it may be doubtful whether large pieces could be obtained. 

Serpentine is also believed to occur in Tenasserim, especially in some 
of the islands of the Mergui archipelago. 

Andaman Islands. — As already stated, serpentine occurs in the 
rocks of the Andaman Islands. There is an outcrop of a handsome mot- 
tled serpentine at Homfray^s GhS.t, not far from Port Blair, which might 
very probably yield a handsome stone for ornamental purposes, and in 
many other parts of the islands serpentines occur, with which the possi- 
bility of mercury being found has been suggested in Chapter III. 

* Mem., Q. S. I., Vol, X, p. 143; Jour. As. Soc. Bengul, Vol. XXXIX, p. 237. 
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CHAPTER XL 

CALCIUM, BARIUM AND STRONTIUM-COMPOUNDS. 

Fluor Spar — Geneml Remarks. Central Provinces — Rcwali — Punjab. GyPSUM — General 
Remarks. Madras— Chiugloput—Nellorc— Bombay — Cutch— Sind — Balochistan — Af- 
ghanistan. Punjab. North-West Provinces —Burma. Anhydrite — General Remarks. 
Apatitb— General Remarks. Bengal. Limestone and Marble, &c. — General Remarks. 
Madras — Trichinopoli — Coimbatore — Kadapah and Karnnl. Bengal — Manbhum — 
Singlibhum — Ilazaribagh — Lohartlaga — Central Provinces — Saml)alpnr — Raipur — • 

Jabalpur — Nagpur — Wardha — Vindhyan Range — Mirzapur — Central India— Gwalior. 
Rajputana — Alwar — Jaipur — Jodhpur — Udepur — Jesulmir — Ajmir. Bombay — Cutch — 
Sind — Balochistan — Afghaiiistan. Punjab. North-West Provinces — Kumaun and 
Garhwal — Darjiling — Assam, Burma — Pegu — Tenasserim — Upper Burma — Andamans 
Kankar — General Rtanarks. Cement — General Remarks. Barite - General Remarks. 
Madras — Karnnl. Central Provinces — Jabalimr — Rewah — Punjab. Celkstine — 
Bombay — Sind — Punjab. 

Fluor Spar; General Remarks. — This mineral, of which the 
cubical crystals are well known as Derbyshire spar, consists of calcium 
fluoride. The uses of fluor spar are not numerous ; but as it takes a high 
polish it is employed for making small ornamental objects : owing to its 
brittleness, however, it is not easy to work. In the preparation of hydro- 
fluoric acid, with which etchings on glass and siliceous stones are made, 
it is employed to some extent. It is also sometimes used as a flux in the 
reduction of ores of copper and other metals. According to Prof Muller 
the murrhine cup was made of fluor spar (see, however, Chajitor XIII). 

The scarcity of known localities where fluor spar occurs in India is 
remarkable ; not improbably, were there more mines of the metals worked 
we should meet with some supplies of the mineral, but at present the 
only localities where it has been found are the following : 

Central Provinces : Raipur District : Chiciioli. — Associated 
with the galena of this locality (see page 296), small quantities of fluor 
spar have been observed.^ 

Rewah State. — Fluor spar occurs thinly disseminated in the Bhanrer 
limestones, but as yet it has not been found in sufficient quantity to 
be of economic importance.'^ 

Punjab : Spiti. — A light-green variety of fluor spar was obtained 

* Records, G. S, 1., Vol. I, p. 37 ; VoU HI, p. 44 ; and Vol. X, p. 185. 

2 Mem., G. S. I., VoJ, VII, p. 122. 



450 GEOLOGY OP INDIA --GYPSUM. [Chap. XI. 

hy Mr. Mallet in very small quantities in tbe granite dykes at the 
Wangtu bridge.* 

Gypsum : General Remarks. — The hydrous calcium sulphate, 
or gypsum, has numerous varieties o£ form, and its modes of occurrence 
also vary ; when in transparent crystals it is called selenite. In the 
massive form as alabaster its uses are well known ; on calcination it loses 
its water of combination and is easily powdered ; in this condition it is 
known as plaster of Paris. The addition of water to the powder, which 
has for it a strong affinity, causes it to become hard and compact, and 
it is this property which renders it so invaluable for taking moulds and 
casts, and for giving a hard finish to the surface of walls. Gypsum is 
largely used in some countries to lighten and enrich clayey soils. 

In peninsular India gypsum rarely occurs in sufficient quantities to 
be of economic importance ; there are, however, some sources of supply 
in Southern India which are availed of to a small extent. In several of 
the extra-peninsular regions it occurs in inexhaustible quantities, but 
some of these are difficult of access. A large proportion of the gypsum 
which is used in India is therefore imported from foreign countries, 
since it can be put down at the Indian ports at a price which defies 
competition by any of the indigenous sources of supply. 

Gypsum is to be obtained in small quantities in Indian bazaars, being 
kept as a drug. It is supposed to have cooling properties, and a gruel 
made from it is administered in fevers. By the Chinese it is said to be 
employed for a similar purpose. 

Occasionally, in India, it is burnt and used for chewing with betel 
instead of carbonate of lime. It is also used for whitewash and as a 
plaster ; in one locality, Sind, it has been used for making mouldings 
when in the condition of plaster of Paris. 

Madras : Trichinopoli District. — According to Mr. H. Blan- 
ford,^ this mineral is abundant in many parts of the cretaceous rocks of 
Trichinopoli. It is generally somewhat impure, occurring in concre- 
tionary masses and in plates ; it vmuld answer when made into plaster of 
Paris for taking moulds, but not for casts where whiteness is required; it 
seldom occurs in sufficient quantity to be worth collecting, though plates 
of pure selenite are obtainable. It is most abundant in the Utatur 
beds, especially in the belemnite clays to the east of Utatur, and in the 
unfossiliferous clay to the north-east of Maravuttur. The reported 
occurrence of gypsum in Bangalore seems to require confirmation. 

» Mem., G. S. I., Vol. V, p. 166. 

- Op. oit, Vol. IV, p. 214. 
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Chingleput District. — In the clayey estuarine l>eds to the north 
of Madras/ concretionary masses of gypsum and crystals of selenite 
occur, but not in any great abundance. According to Mr. Foote, supplies 
for making plaster of Paris for use in the School of Arts at Madras 
have, however, been obtained from this source. 

Nellore District. — In the eastern coastal districts, of which Nellore 
is one, crystals of greater purity than those found near Madras are said 
to occur. It is considered by Mr. Foote that they might be collected 
in the neighbourhood of the canal and forwarded to Madras, where the 
consumption is increasing. 

Bombay. — Gypsum in the form of selenite is found in small quan- 
tities in the marine deposits about Bombay and in Kattywar, and it is 
stated to occur in parts of the Deccan in connection with deposits of 
salt. But the principal sources of gypsum in this Presidency are situated 
in Cutcb and Sind. 

Cutch. — Tlie following is Mr. Wynne^s‘^ account of the distribution 
of gypsum in Ciiteli : Large quantities of gypsum occur in shales 
belonging to the jurassic, sub-niimmulitic and tertiary groups; the 
most highly gypsiferous being those of the suh-nummiilitic hand. The 
mineral is generally translucent; and clean blocks several inches in 
diameter may he found weathered out on the surface of the ground. 

Altlioiigli much of it miglit he obtained without gi’cater trouble 
than picking up the pieces, it does not appear to he utilised except to 
a slight extent by goldsmiths, who are said to use it in a powdered 
state for polishing their wares. Among other places it occurs near 
a small outlying patch of tertiary rocks on the Runn east of Adeysur; 
near Chirtorc between Adhooe and Badurgud, all in Wagir; and in the 
western part of the district, about 2 miles south-west of Mhurr ; also 
east and north-cast of Oomirsir and nearer Lukpnt.^' 

Sind. — Several writers on the geology of Sind allude to tlie occur- 
rence of gypsum. According to Mr. W.T. Blantord"* it is found in some 
abundance near the top of the Gaj beds of the Kirthar range ; the beds 
of it arc not un frequently 3 to 4 feet thick. Two such beds of different 
degrees of ])urity are exposed in the section on tlie liaiiks of the Gaj 
river, and similar beds occur not un frequently further to the north. 
Some gypsum is also found iu small (juaiitities in the rocks of the Gaj 
group. 


1 Mem., G. S. I., Vol. X, p. 132. 

2 Op. cU., Vol. XVI, p. 101. 
Op, cif.f Vol. IX, p. DO. 

^ Op. cH., Vol. XVII, p. 195. 
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Dr. Buist ’ has directed attention to the interesting fact that in 
Sind the art of making plaster of Paris was known to the natives, and 
that it was employed in casting lattices and open-work screens for the 
tops of doors, &c., where a free circulation of air was desirable; the 
dryness of the climate in Sind protects it from injury on exposure. 

Balochistan. — It is probable that in the continuation of the Sind 
beds northwards into Balochistan similar beds of gypsum will be found 
to exist. That it actually does exist is known, ^ but details are not yet 
available. 

A^hanistan. — Mr. Griesbach^ states that gypsum occurs in beds, 
lenticular masses and veins in the Gaj formation, and that it is also 
found in the younger tertiary rocks, forming considerable deposits in the 
post-pliocene gravels and clays of the plains. Near Kandahar it is obtained 
from these beds. Captain Hutton has recorded that, after burning, it 
was largely used as a plaster in the buildings in Kandahar, and that it 
proved tenaceous and durable. It was first discovered in the time of 
Ahmed Shah, who considered it so valuable that he caused public prayers 
and thanksgivings to be oSered up, and celebrated the event with feast- 
ing and the distribution of charity. The Pashtu name for gypsum is gaj. 

According to Vigne'*’ Ghazni is built at the foot of a long narrow 
ridge composed of gypsum. 

Punjab : Bannu District : Kalabagh. — Gypsum is found in Kala- 
bagh and in the Khasor range, but it is not at present utilised. Both here 
and also at Mari and Sardi, quartz prisms with pyramidal terminations are 
found in great abundance in the gypsum ; they commonly go by the 
name of Mari diamonds. 

Kohat District. — In this district gypsum is very abundant, there 
being, in Mr. Wynne^s ^ opinion, more of it probably than there is of the 
rock salt with which it is associated in beds believed to be of nuinmulitic 
age. It might be obtained by open quarrying in any quantity, but it is 
not worked. The crops, especially the wheat, which arc raised on the soil 
resting on an expanse of gypsum at Spina, are said to be finer than those 
in any other part of the country, still the natives do not appear to draw 
the obvious inference. 

Salt-range. — In the portions of those districts which include the 
salt-range, gypsum occurs in enormous quantities associated with the 


^ Trans. Bomb. Geol. Socy. (1852), Vol. X, p, 229. 

2 Quar. Jour. Geol. Soc., Vol. II, p. 261; and Records, G. S. I., Vol. VII, p. 152. 

3 Mem., G. S. I., Vol. XVlIl, p. 69. 

^ Oibul, p. 126. 

^ Mom., G. S. I., Vol. XVIII, p. 93. 
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salt marls of silurian or pre-silurian age, and, according to Mr. Wynne/ 
smaller deposits of gypsum are also found in some of the younger 
groups ; when powdered it is used to mix with mortar, and some of the 
more compact varieties near Sardi are manufactured into plates and 
small ornamental articles. Selenite is said to sell at Lahore for Rs. 3-14 
per maund, the purpose for which it is used being probably medicinal. 

Spiti. — Very considerable deposits of gypsum are found in the 
Spiti valley. Mr. Mallet,^ who has described them, believes them to be 
derived from thermal springs, as they consist of amorphous unstratifiod 
masses, and as, moreover, there are in the vicinity thermal springs which 
at present deposit gypsum. The origin is traced to the ordinary chemical 
reaction taking place between iron pyrites and carbonate of lime, the 
former abounding in certain black slates. Some of this gypsum is of a 
beautiful snowy whiteness, and it might be employed directly for orna- 
mental purposes, or for the manufacture of the purest plaster of Paris ; 
one fatal bar to its use is its position, as it would have to be carried 
across the whole breadth of the Himalayas before it reached a market. 

North-West Provinces ; Dehra. — Captain Herbert,^ in a paper 
specially devoted to the subject, discusses the nature and origin of certain 
deposits of gypsum which occur in the Dehra Dun region. The loca- 
lities were Nagal, Sahansadhara, Jari Pani, and Ranon. The including 
rocks were of both tertiary and older ages, and were principally lime- 
stones. Captain Herbert concluded that the gypsum of the older slaty 
rocks, no less than that in the younger formation, was not an original 
deposit. The quantity at the above-named localities was not considerable 
so far as had been then ascertained. Two papers by Sir Proby Cautley * and 
the Reverend Mr. Everest® respectively were shortly afterwards published, 
in which the age of these deposits was discussed in reference to the 
origin of the gypsum, and whether it occurred as an old bedded rock, or as 
an irregular mass in the rocks, the result of infiltration and the alteration 
of carbonate of lime ; the latter, which was the view held by Captain 
Herbert and Sir Proby Cautley, was no doubt correct. 

Many years afterwards Mr. H. B. Medlicott ^ described the gypsum 
of this region as occurring in lumps not unfrequently in the ferruginous 
clays of the Subathu group, and at Sahansadhara below Masuri in small 
iiTegular veins through limestone which is in the neighbourhood of 

> Mem.. G. S. I., Vol. XI, p. 189. 

- Op, cit,, Vol. V, p. 158. 

^ As. Res., Vol. XVm, p. 21(>. 

^ Jour. As. Soc. Bengal, Vol. 1, p. 289. 

^ Idem, p. 450. 

Mem., G. S. I., Vol. Ill, p. 177. 
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sulpliur springs. From both these sources a supply was obtained, but 
the demand was limited. It has been employed in the internal decora- 
tion of houses at Dehra with some success. 

Kumaun and Garhwal Districts.— According to Mr. E. T. Atkin- 
son gypsum is found in the Chhakhata pargana ; but the most pro- 
mising source is near the Nihal bridge, on the road between Kaladhungi 
and Naini Tal ; plaster of Paris of good quality has been made from it. 
Gypsum is also found in Garhwal, on the banks of the Alakananda, near 
Panai and Nagarasu, A dark-green variety is said to be manufactured 
into saucers and bowls, but it may perhaps be doubted whether this is 
gypsum ; more probably it is serpentine. 

Burma : Arakan Division : Ramiu Island.— At Kyauk Tyan and 
on Amherst island there arc gypseous shales in which crystals of 
selenite are sparsely disseminated. The amount available is, in Mr. 
MalleFs^ opinion, so small that aS a source of gypsum they arc prac- 
tically useless. Judging from the absence of references to the occur- 
rence of gypsum in Burma, it can only be concluded that it is scarce 
there, though from a priori considerations its occurrence in some of the 
tertiary rocks and the recent marine deposits might l>e anticipated. The 
Reverend P. Mason ^ speaks of a crystal of selenite from Amherst as an 
unusual curiosity, and he mentions that a fibrous gypsum, for sale as a 
cooling medicine in the shops of the Chinese, is imported from China. 
A granular gypsum is said, however, to be obtained on the banks of 
the Tenasserim river in lat. 13° 14' north. 

Anhydrite : General Remarks. — The anhydrous calcium sulphate 
differs from gyjxsum simply, so far as its composition goes, in that it 
contains no water of crystallization. When crystalline it may be readily 
distinguished by its belonging to the trimetrie system, while gypsum 
belongs to the monoclinic. A massive variety of it which contains 
silica is known as vulpiuite, and is sometimes cut and polished for orna- 
mental purposes. Anhydrite occurs associated with the gypsum deposits 
of Spiti and in the Mayo salt mines in the Punjab. 

Apatite or Calcium Phosphate : General Remarks. — Tliis 
mineral generally occurs in hexagonal prisms, but it is sometimes found 
massive or mammilated with an internal fibrous structure \ when abun- 

^ EngiiiecrH’ Journal, Calcutta, VoL V, p. 29. 

2 Economic Geolo-ry of the Hill Tracts. N. W. P., Allahabad ; Pamph., p. 34. 

^ Rocords, G. S. I., Vol. XI, ]). 222. 

Natural Productions of Burma, p. 31. 
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dant it is of great value as a manure, treatment with sulphuric acid render- 
ing the phosphoric acid soluble. Apatite is chiefly found in the older 
crystalline or metamorphic rocks, but calcium phosphates are sometimes 
formed by the contact of guano with calcareous rocks, as for instance on 
coral reefs. No very large supply of this nature is likely to be found in 
the Indian Ocean, for although there are coral reefs and coral islands, 
sea-birds are not very abundant, and the monsoon rains would probably 
prevent such a deposit from accumulating to any great extent. 

Another possible source of phosphate of lime is afforded by the fossil 
remains of Vertebrates ; and in the search made for materials of this 
nature l)y manufacturers, the bone deposits of the Siwalik hills have not 
been overlooked. Not many months ago a letter of enquiry on the subject 
was addressed to the Government of India. Although those bones con- 
tain sometimes a considerable proportion of phosphate of lime (up to 85 
per cent.’), others are more altered and mineralized, but what is of chief 
importance is that the bones are nowhere accumulated in great abun- 
dance, but are scattered here and there through considerable thicknesses 
of rock. There is therefore no likelihood of their collection being an 
object of commercial enterprise. This being so, there is, at present at 
least, no prospect of pounded Dinotherium and Sivatherium bones being 
employed in the cultivation of turnips, and palaeontologists have therefore 
no cause for alarm. 

The occurrence of apatite in crystalline rocks in India appears to have 
been recorded from one district only. 

Bengal : Hazaribagh District. — A few stray crystals of green apa- 
tite were met with by Mr. Mallet in a granite dyke, which crosses the 
Tendhwa nadi south of the Mahabar hill.^ A sample was also obtained 
from the Baragunda copper mines. 

Marble and Limestone : General Remarks.— The following 
account must necessarily be somewhat imperfect, as the subject is a large 
one ; but it is believed that no very important deposit has been overlooked. 
Limestones can hardly be said to be absent from any of the formations 
in India, though in some they are either rare or so impure as hardly to 
deserve the title. 

In the metamorphic series, bands of crystalline limestones occur 
locally in some abundance, but they are capriciously distributed, being 
often absent over large areas. In some of the groups of the next suc- 
ceeding or transition series, namely, in the Kadapah, Bijawar, and Arvali, 


^ Jour, As. Soc. Bengal, Vol. I, p. 457, 
2 Records, G. 8. 1., Vol. VII, p. 43. 
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the limestones attain a considerable development, and some of the varie- 
ties have yielded the marbles which have played such an important part 
in Indian architecture. In the Lower Vindhyan series the limestones are 
more notable for their abundance, and the wide areas over which they 
spread, than for producing any marbles of particular beauty. In the 
Upper Vindhyans limestones are principally found in the Bhanrer group, 
where they sometimes attain as great a thickness as 260 feet, and are used 
both as a building stone and for lime. 

In the Gondwana series, limestones are rarely met with, and then 
chiefly in the Talchir and Raniganj groups, where they occur as lenticular 
or concretionary masses. 

In the rocks of cretaceous age, within the peninsula, limestones of both 
sedimentary and coral reef origin occur. The other sources of lime are 
principally sub-recent and recent tufaceous deposits of kankar, traver- 
tin, &c. 

In the extra-peninsular regions the principal formations containing 
limestones are of carboniferous, Jurassic, cretaceous and nummulitic ages. 
Another source of lime, of which mention will be made on a following 
page, is recent coral. On the whole it may be said that although lime is a 
dear commodity at most of the centres of consumption, owing to the 
cost of carriage, possible sources of lime occur in the greatest vaiiety 
throughout the country, while, on the other hand, some of the marbles are 
probably unsurpassed for beauty by any to be obtained in any other part 
of the world. 

The arrangement of this work has necessitated the treatment here of 
calcareous rocks generally, and to save repetition no mention of them will 
be made in the chapter which is specially devoted to building stones. 

Madras ; Trichinopoli District.— In this district limestones occur 
both in the older crystalline or metamorphic series, and also in beds of 
cretaceous age. Mr. King^ has described two beds of the former, one 
of which is at Naivaille, 10 miles north-west of Trichinopoli, and the 
other at Mootum, 4 miles further north and on the west side of the 
Tyaur river. The Naivaille band is 6 or 7 feet wide, and was traced 
for upwards of 2 miles ; the dip is vertical. The limestone is of a 
gray colour, passing on the one hand into white, and on the other into 
pink. It has an obscure foliation, and between the folise there are bands 
of mica and chlorite. The Mootum band was traced for a mile, and 
is generally of similar character to the other, but the prevailing colour 
is more commonly pink. The marble when polished presented an onia- 


Madras Jour, of Lit. and Sci., Vol. XX, p. 272. 
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mental appearance, and the lime prepared from it was of excellent quality. 
Mr. H. Blanford^ mentions the occurrence of a similar limestone, 2 miles 
to the north of Cullpolliam, on the Madras road. The stone was, he con- 
sidered, too soft to withstand the solvent action of rain for any great 
time, and would therefore not be well adapted for outside work. 

The cretaceous limestones are also soft and suffer much from exposure 
to rain. They are, however, largely used by the natives in the construc- 
tion of temples, &c. The chief localities from which stone for these pur- 
poses is procured is the ridge at the base of the U tatur group, which ex- 
tends from Purawoy to Vylapaudy, Much is obtained also from both 
the coral reef and sedimentary limestones at Assoor, Maravuttoor, Cull- 
paudy, Sirgumpoor, Varagapaudy, and other places further south. The 
coral reef limestone contained from 95 to 98 per cent, of carbonate of lime.® 
In other varieties the amount of calcareous matter varies considerably. 
As sources of lime, however, kankar and sea shells are principally employed. 

Coimbatore District. — In this district a crystalline limestone, simi- 
lar to that of Trichinopoli, is also found ; it is soft but does not readily 
decompose. The prevailing colours are pink and gray. The stone is 
susceptible of receiving a high polish, and would be very ornamental and 
suitable for internal decoration. In 1857 Mr. H. Blanford'' recommended, 
as the most favourable locality for working this marble, the eastern end of 
a ridge which crosses the Palghat road. How far this marble has been 
worked of late years is not known, but the outcrop being near the rail- 
way line from Madras to Bepur and Calicut, there are special facilities 
for carriage. Mr. King states that what has been used in connection 
with the railway has proved to be a satisfactory building stone.'*' 

There being no source of lime on the Nilgiris the supply for build- 
ings had to be carried up on pack-bullocks ; it was burnt in kilns with 
fuel composed of a mixture of peat and wood. 

Kadapah, Kamul and Guntur Districts.— The limestones which 
are found in the two series of rocks called after the two above first-named 
districts are employed to some extent, especially those in the Karnul 
series, as building stones, as for instance in the better class of houses in 
the villages of the Khundair valley. Some of the marbles of the Palnad 
are of good colours, and handsome marbles of different colours might be 
obtained from the breccia beds in the western scarps of J amulmadgu, 

' Mem., G. S. I., Vol IV, p. 204. 

* Idem , pp. 52 and 265. 

. ® Op. city Vol. I, p. 247. 

* Op. cit,y Vol. IV, p. 148. 
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and the bottom of the slates in the Cheyair field. These are sometimes 
spoken of as the Guntur marbles, and polished samples of many orna- 
mental varieties are now in the Madras Museum. 

In certain tracts serpentinous marbles of g^eat beauty occur. Al- 
though favourable reports have often been published on all these marbles, 
no great or steady demand for them appears to have arisen as yet. 

Some of the limestones are now largely used for burning, but kankar 
used to be more generally employed. The adoption of the former source 
is mainly due to Railway and Canal Engineers. ^ 

Bengal. — In the crystalline or metamorphic rocks of Western Bengal, 
although limestones are of somewhat rare occurrence, there are several 
deposits of importance, and a few, which are of minor values, owing to 
the rock being impure, or difficult of access. There are also a few eases 
in the sub-metamorphic or transition rocks; in the groups of the 
Gondwana series limestones are occasionally found but they are generally 
of limited extent. The principal ordinary sources of material for the 
manufacture of lime are either deposits of kankar or travertine. 

Manbhum District. — In this district, ^ as has been already stated in 
the Chapter on Iron, there are two limestones of very different ages, one 
of which occurs in the crystalline rocks at Hansapathar, and the other 
is associated with the sandstones at the north-western corner of the 
Pachete hill. Analyses of both of these have been fpioted on page ^71. 
A limestone has also been found on tlie faulted boundary of the coal- 
field, about 6 miles south of Raniganj near Jamuan, and there is an out- 
crop of dolomitic limestone near Ramlallpur, a mile further to the south. 
A crystalline dolomite also occurs far to the south at the copper locality 
near Purda ; see page 246, 

Owing to these sources of lime being south of the Damuda river 
there would be a certain amount of expensive carriage to the nearest sta- 
tions on the East Indian Railway. But, as already stated on page 372, 
the cost of the Pachete and Hansapathar limestones put down at the 
Bengal Iron Works was Rs. 4 a ton, which included charges for 10 miles 
carting, crossing the Damuda in boats, quarrying and royalty. It would 
seem that there is here an opportunity for enterprise and the saving of 
public money. The principal supplies of lime at present used in Calcutta 
either come from Sylhet or from Katni, the latter having to travel 737 
miles by rail. The Hansapathar stone put down at any of the coal mines 
on the line might be burnt at a small cost with small coal and would then 

' King, W. Mem., G. S. I., Vol, VIII, p. 282. 

2 Oj). ciU, Vol. XVIII, p. 109. 
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only have a distance of 130 miles to travel by rail. The lime might not 
be quite equal to either of the present qualities in the market^ but it 
would not be veiy much inferior and the supply is inexhaustible. 

Singhblium District. — Calcareous schists occur in several places 
in the sub-metamorphic rocks of this district ; the foreign minerals occur- 
ring in them, namely, talc and actinolite or tremolite, may possibly dimi- 
nish their values both as building stones and as sources of lime. ^ 

Hazaribagh District. — Veins and beds of limestone have been 
discovered but rarely in the crystalline rocks of Hazaribagh. There is one 
on the road to Ramgarh, some miles south of Hazaribagh, but nothing has 
yet been ascertained as to its extent. It does not appear to have ever 
been used for burning as a source of lime, but it may yet prove of value. 

A bed of crystalline limestone occurs at the Mahabagli galena mine 
on the Putro river (see page 291). 

An analysis by Mr. Tween yielded the following results 


Carbonate of lime . 

„ „ magnesia 

Oxide of iron and alumina 
III soluble .... 


88-80 

3-07 

•61 

7-18 


99*66 


Mr. Mallet,® who discovered this source of lime, has pointed out that 
it may be of value, but the lateral extension of the bed has not yet been 
ascertained ; the thickness is 6 feet. 

Lohardaga District. — The most considerable known deposit of 
limestone, in the whole of Chutia Nagpur, is found in the Tori pargana® 
in this district. Between the villages of Olherpat and Deredag the road, 
for a distance of 1^ miles, crosses the vertical outcrops of a succession of 
calcareous gneisses, and vein-like lenticular masses of crystalline lime- 
stone of great purity. These are traceable along the strike for several 
miles, but their full extension has not yet been ascertained. 

An apparently less pure limestone is found in the Maila river section, 
near Satbarwah ; it is in great abundance, though not forming so extensive 
a deposit as the one above mentioned. As has been stated in the Chapter 
on Iron, these limestones may be of great value and importance, should 

1 Mem., G. S. I., Vol. XVIII, p. 88. 

2 Records, G. S. I., Vol. VII, p. 34. 

3 Mem., Q. S. I., Vol. XV, pp. 32, 125. 
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the iron ores of the Aurunga field ever 

be manufactured. 

Their composi- 

tion is as follows 

Olberpat. 

Satbarwab. 

Carbonate of lime 

. 91*9 

60-8 

„ magnesia 

•2 

16-0 

Oxide of iron and alumina 

•7 

6-0 

Insoluble ..... 

7-2 

18-2 


100-0 

100-0 


For building purposes, and possibly also for statuary, a suitable mate- 
rial, perfectly white, could be obtained from the principal of these sources. 

Central Provinces 2 Sambalpur District.— In the Lower Vin- 
dhyan rocks of the Chatisgarh basin there are at least four horizons in 
which limestones are found ; these are particularly well seen in the cross- 
section from Padampur on the Mahanadi southwards. These vary from 
somewhat splintery white and pink limestones up to a blackish gray 
rock, in which there are strings of galena. 

Besides the above there arc several outcrops of crystalline limestones 
in the metamorphic rocks ; the principal of these are at Kujerma to the 
north, and near Bolangir to the south of Sambalpur.^ 

Raipur District. — Limestone is known to be so abundant throughout 
the central plains of Chatisgarh that it would be difficult at present to 
say where it is not found, or at least easily accessible ; it often has a shelly 
or flaky structure, and is not unfrequently impure. Some varieties, which 
can be easily dressed, are used as building stones ; others are burnt for 
lime. A stone suitable for lithography has been found. All these varieties 
belong to the Lower Vindhyan series. It is not known whether any 
crystalline limestone occurs in the metamorphic rocks of Raipur. 

Jabalpur District. — Not only in this district, but in others further 
down the valley of the Narbada, the Bijawar rocks afford limestones 
of various qualities, among which the famous ^ marble rocks^ are particu- 
larly noteworthy, both for the beauty and purity of the material of 
which they are composed. This is the strongest local development of 
the calcareous element, and, much to the disgust of lovers of the beautiful, 
it has been talked of as a flux by promoters of projected iron companies. 
Should it, however, be worked, there need be no fear that it would be 
necessary for a very long time to encroach upon the cliffs which confer 
so much beauty on the narrowed gorge of the Narbada. 


lUjcords, G. S. I., Vol. X, pp. 178, 182, 183. 
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Except locally, in some temples, this marble has not been used for 
building purposes. The beds are much jointed and crushed by the dis- 
turbance, which has tilted them into their present vertical position, and 
by certain trap dykes which traverse them. But it seems probable that 
large unflawed blocks might be obtained ; one which was sent to the 
first Paris exhibition was said to be equal to Italian marble for statuary 
purposes. 

More valuable limestones, which belong to the Lower Vindhyan series, 
are extensively worked where the railway crosses the outcrop at Marwara, 
near the Katni station, and, as stated on a previous page, these now con- 
tribute to the supply of Calcutta, although the lime has to travel 737 
miles by rail. The lime is of good quality, and is largely used by the 
Public Works Department at present. 

Nagpur District. — In this district there are limestones belonging 
to two very different ages, namely, crystalline limestone, which is found in 
the metamorphic rocks to the north-north- east of Nagpur, near Korbadi 
and Mahadula, and infra-trappean or lameta limestones which are found 
at Kelod and Chicholi.^ The former attracted notice many years ago ; it 
is said to be capable of receiving a fine polish, and is extensively used for 
building ; according to Dr. Voysey it is dolomitic. It is apparently not 
used as a source of lime, present requirements being supplied by kankar. 

Wardha District, &c. — As regards limestone, the Wardha valley is 
well supplied, there being two principal sources, namely, the Vindhyan 
and Lameta groups, besides kankar. The occurrence of limestones in 
the metamorphic rocks does not appear to have been recorded. Atten- 
tion has principally been directed to these limestones in reference to 
their suitability for employment as fluxes in connection with the reduc- 
tion of the iron ores. For this purpose the Vindhyan limestones are, ac- 
cording to Mr. Hughes, ^ to be preferred, as they have a more reliable and 
constant composition than have those of the Lameta group, but samples 
of the latter have sometimes a composition very like the former, as may 


be gathered from the following analyses : — 

Vindhyan. 

Lameta. 

Carbonate of lime and magnesia 

. 96-8 

94-5 

Oxides of iron and alumina 

. 1'2 

3*0 

Phosporic acid 

. tr. 

tr. 

Insoluble 

. 2-0 

2*6 


100*0 

100*0 


— 

— 

^ Blanford, W. T. Mem., G. S. 1., Vol. IX, pp. 302, 330. 


2 Op, cit., Vol. XIII, p. 172. 
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The most accessible outcrops of Vindhyan limestone are at Kandara, 
6 miles north of Warora, and at Nilja^ 8 miles west of Warora. Lameta 
limestone occurs at Karamgohan^ 2 miles south of Warora, and in the 
Wardha river at Mardha, &c. 

Vindhyan Range. — It will be most convenient to describe the lime- 
stones of the Vindhyan formation collectively in their extension from 
east to west, from the Sone to the Central Provinces, In the Lower 
Vindhyans, according to Mr. Mallet/ there is a well-defined group of 
thin-bedded limestones, which, where best exposed, are several hun- 
dred feet in thickness. These are quarried near Rotasgarh, on the Sone, 
the stone being principally used for burning ; it is carried down the 
Sone in boats, and thence both up and down the Ganges to many distant 
points. The most northern of the quarries has been largely drawn upon 
for the supply of lime for the Sone iirigation works. At one time, when 
the value of the supplies nearer at hand were not fully realised, it was 
proposed to make use of this limestone as a flux for the iron works in 
the Raniganj coal-field, but the advantage of having a material with a 
known and steady composition only exists in so far as individual thin 
layers are concerned. Where principally developed in the Sone valley^ 
the limestones are too inaccessible to be of value, but at Marwara near 
Kutni, as already stated, in the west, where the railway crosses the out- 
crop, quarries have been opened up. In Bundelkhand the Lower Vindhy- 
an limestones are worked to a small extent for local purposes. Higher 
in the Vindhyan series the Bhanrer group includes a limestone which is 
not only used as a source of lime, but as a building stone in the Dam oh 
district. The Jabal})ur railway runs with the outcrop from Myhere 
westwards up the valley of the Tons. A oonsiderahle source of lime also 
is a tufaceous deposit which occurs about many of the falls over the Rewah 
and Kaimur escarpments. From it a lime of good quality is supplied to 
Mirzapur and Allahabad. 

Mirzapur District. — Another possible source of supply in Mirzapur 
is afforded by certain crystalline limestones which occur in the meta- 
morphic rocks of Mirzapur ; these have also been described by Mr. 
Mallet.^ The most remarkable of the bands is found in the Biehi 
nadi, a stream which falls into the Rchr river near Singrowli. It is in 
composition a typical dolomite, and is interhanded with serpentine, thus 
forming a very ornamental vercl antique limestone. Slabs, from 3 to 
even 5 or 6 feet or more, might be obtained, showing the alternations of 
the two minerals. A pure white marble is crossed by the road from 

^ Mern., G. S. L, Vol, VII, p, 113. 

‘ Records, G. S. I., Vol. V, p. 19 ; Vol. VI, p. 42. 
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Singrowli to Mirzapur at a point a few miles distant from the former. 

A white granular limestone occurs in the Oobia hill, ^ or 3 miles from 
the Mirzapur road, and there are other varieties at different localities. 

Oentral India s Gwalior. — The group of transition rocks, known 
as the Gwalior group, contain an abundant supply of flaggy limestones 
suitable for building purposes, and some of them as a source of lime. 
But kankar is generally employed for the latter purpose. 

Bajputana. — The Arvali group of transition rocks in Rajputana 
includes many varieties of marble, some of them being of excellent 
quality and great beauty. It is to be hoped that the railways may 
cause them to be better known and more widely employed instead of 
foreign marble. In order to accomplish this, reduction of freights and 
royalties are the first steps to be taken. 

Alwar State : J hiuri. — l^he quarries for white marble near Jhirri 
extend for a distance of 2 miles ; they are not much worked at present. 
The stone is said to be harder to cut than the Jodhpur marble, but is 
more cheaply raised, being nearer the surface. The amount of stone for 
special purposes, which goes to Delhi annually at present, is only about 
150 maunds. Formerly large monoliths were raised in these quarries ; 
among them the pillars in the amkhas of the Alwar palace. 

White marble is obtained also near Dadikar, 6 miles from the Alwar 
fort. Black marble is found near Mandla, near Ramgurh, about 16 miles 
east of Alwar, and a pink marble is excavated at Baldeogarb ; but there 
is not much demand for it, though pieces large enough for images nearly 
life-size can be obtained.^ 

Jaipur ; Raialo or Raiwala. — White marble is obtained near Raialo, 
and it is largely employed for the filagree screens which are called 
jalce. In the opinion of Mr. Fergiisson, the jalee work of Ahmedabad 
in Guzerat is still finer \ but the style of the two is quite different. 

According to Mr. Keene, the finest example of this form of work to 
be met with in Northern India is the following. He says : But all 
the marlde-work of this region is surpassed by the monument which 
Akbar erected over the remains of his friend and spiritual counsellor 
Shekh Sulim Chisti at Fatipur Sikri (1581 A.D.) In the north- 
western angle of a vast courtyard, 4‘13 feet by 366 feet, is a pavilion 
externally of white marble, surrounded by a deep projecting dripstone, 
of white marble also, supported by marble shafts crowned by most 
fantiistic brackets, shaped like the letter S. The outer screens are so 
minutely pierced that they actually look like lace at a little distance, and 


‘ Gazetteer of Alwar by Major F. W. Powlott, p. 83. 
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illuminate the mortuary chamber within with a solemn half-light which 
resembles nothing else that I have seen. The whole of this elaborate 
work, including the strange but most pleasing design of the brackets, 
appears to have been produced by the resident stone-cutters of the 
place, uneducated men earning probably an average wage of about a 
penny a day. I believe that no instance of such pure patient work- 
manship, so dignified yet so various, is to be found in the world.^^ ^ 

Both pink and gray marbles are also obtained in the quarries at 
Raialo, blocks of the former containing 5 cubic feet cost from Re. 1-10 
to Re. 1-14 per cubic foot; and of the latter blocks, containing 10 
cubic feet, at the rate of Re. 1 to Re. 1-8 per cubic foot. There are said 
to be about 100 families employed in these quarries. 

Jodhpur: Makrana. — The most extensive quarries in Rajputana 
appear to be situated at this locality. The marble, which is pure white, 
forms a long ridge running north and south ; the beds are vertical, and as 
some of them are 2 feet thick, large blocks can be obtained. 

This marble, which has been celebrated for ages, is only prevented 
from availing of the increased facilities of transit to Bombay and else- 
where which are now available, by the absurdly high royalty which is 
charged ; out of a total cost of Rs. 3-8 per cubic foot, Rs. 2 is the pro- 
portion credited to the State. 

The Makrana quarries supplied the marble of which the Taj at 
Agra is built. This glorious monument of polished white marble was 
erected by the Emperor Jehangir to the memory of his favourite wife, 
Nur Jeban. By the most competent authorities it is considered to be 
the most perfect and beautiful structure in the world. 

From distant parts of India oi-ders for temples are sent to Mak- 
rana, and the blocks of pure marble cut and ready to be put in place 
are forwarded to their destination. 

Udepur: Sarangarii. — A coarse kind of marble is quarried at this 
locality, which is about 6 miles west of Desuri, on the western side of 
the Arvali range. 

Jessalmir State. — A limestone, which is found in this State in the 
hill upon which the capital is built, is stated to be suitable for several 
purposes and to have yielded a material suitable for lithography.® 

Ajmir District. — Limestones and impure marbles occur in several 
parts of this district ; so far as is known there are no qualities which 
can compete with the better classes in the Native States. The quarries 
are not extensive, and the stone appears to be chiefly used for rough 

* On the Stone Industries of Agra. 

- Indian Review, Vol. Ill, p. 4. 
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building- purposes and as a source ot* lime. Being in British territory, 
there are no royalties and the prices are low. 

Bombay. — Although there are several allusions in the Bombay 
Gazetteer to limestones in several parts o£ the Presidency, it is not al- 
ways clear what their precise nature is : the principal authentic account 
is by Mr. W. T. Blanford, * but this refers only to the western extremity of 
the Narbada valley. Although there is a good deal of limestone in the 
Bijawar series, it is too siliceous to be of much use. Crystalline limestone 
in the metamorphic rocks is found about Chota Udipur, aud the Cham- 
panir beds include some limestones. The top bed of the Bagh group is 
often sufficiently pure to be used as a source of lime. In the trap area 
the calcareous inter trappeans do not extend to the west. At Barwai 
an intertrappean limestone afforded the best material available for iron 
smelting that could be found in that neighbourhood. At Turkesar, near 
Surat, nummulitic limestone is abundant. 

Limestones are obtained in the Panch Mehals district at Dohad, 
Jambughora, and at a point about 4 miles from the Pali station. The 
last yields a good lime for ordinary building purposes, but it is not hy- 
draulic^ ; some of these may be kankar. Several of the papers descriptive 
of the Southern Mahratta country allude to the existence of crystalline 
limestones. Thus Mr. Foote ^ has described grey and greenish-grey lime- 
stones which occur in some abundance 2 miles north-west and 3 miles 
west-south- west of Dhoni, in the Dharwar district; these would afford a 
beautiful building stone, and, not improbably, a good lime. Limestones 
also occur in some abundance in the Kaladgi and Bhima series of rocks.'*' 

In Guzerat a more or less calcareous rock, for which Dr, Carter pro- 
posed the name miliolite,^^ has a very wide distribution. Its greatest 
development is in the Gir hills, where it rests upon an arenaceous clay ; 
it is largely made up of foraminifera, and is supposed to be of pliocene 
age. As a building stone it is admirably suited for some purposes, but is 
said to be incapable of sustaining great pressure. It is largely quarried 
about 12 miles from Porebunder, from whence it is shipped to Bombay. 
It has been largely employed in the erection of many of the public 
buildings in Bombay. 

In a very beautifully illustrated work on the Architecture of Ahme- 
dabad, by Mr. T. C. Hope, with architectural notes by James Fergusson, 
photographs illustrative of jalee work and of buildings in sandstone will 
be found ; many of these buildings are comparatively modern, and 

* Mom., G. S. L, Vol. VI, p. 216. 

^ Bombay Gazetteer, Vol. Ill, p. 197. 

Records, G, S. 1., Vol. VII, p. 134. 

^ Mem., G. S. I., Vol. XII, pp. 262-264. 
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Bomc ar 0 fjnitG recent. It would appenr thnt tlie art o£ working* in tliese 
materials lias keen more fully conserved in Guzerat than in any part 
of Jiulia. But it has been by no means lost or even discontinued, 
though it is not extensively practised now in the northern cities. 

Cutch. — Limestones of different ages occur in Cuteh, but the most 
esteemed belong to the lower Jurassic group. Black or gray varieties are 
obtainable according to Mr. Wynne^ from the Lodye and Jurun range, 
near Hubbye on the Juria bills north by west of Bhuj, and the latter 
at Kaimulrii hill near Kaora ; and in several other places in the 
Putchuin, chiefly among the Kala mountains. Another formation, con- 
sisting of broken shells, which takes a good polish, is known as Doka- 
wana marble. Lime is usually made from a subrecent concrete or cal- 
careous tufa, which is widely distributed. 

Sind. — Limestones occur in great abundance in Sind, the bulk of 
the formations being made of them. According to Mr. Blanford,'^ an 
abundance of calcareous pebbles is found too in the pliocene and post ter- 
tiary conglomerate. Many of the above rocks are continued northwards 
in the Suleman and subordinate ranges which bound the Derajat. 

Afghanistan : Balochistan. — Limestones of cretaceous age abound 
in Southern Afghanistan and also in Balochistan. Nummulitic limestones 
are found on the eastern frontiers of both, as well as on those of Northern 
Afghanistan. 

In Northern Afghanistan the Safed Sang takes its name from a beau- 
tiful statuary marble.^ In Dr. Lord^s^ account of the geology of the 
Hindu Kush, several varieties of limestone and marble are described. 
The upper part of the valley of Par wan is overhung by cliffs of lime- 
stone, in which there are numerous caves, into one of which the waters 
of the valley disappear for a distance of 2 miles. Some of this limestone 
is gray, but other portions are of dazzling whiteness. The matrix of the 
galena ores, &c., in the Ghorband valley is also limestone, which is again 
seen on the Bamiaii road near Jabriz and in the hills round Mardan. It 
affords a white marble which is quarried and it is reported to extend 
westwards to Herat and southwards to Kandahar. The mausoleum to 
Baber at Kabul was partly built of marble brought at great expense by 
Shah Jehan from Delhi, but was completed with stone raised in Mardan, 
the existence of which was not at first known in Kabul. 

Punjab. — Marbles and limestones in considerable variety and from 
different geological formations are obtained in the Panjab and are worked 

» Mem., G. S. I., Vol. IX, p. 90. 

3 Vol. XVII., p. 195. 

^ I’roc.Aa. Socy. Bengal, 1880, p. 3. 

^ Indian Review, Vol. Ill, p. 318. 
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to some extent for various purposes. At the Lahore exhibition about 
20 samples from the following districts were exhibited : Hoshiarpur, 
Rawal Pindi, Shapur, Dera Ghazi Khan, Kohat, Jhclam, Hazara, Delhi, 
Hissar and Gurgaon. The Delhi marbles were probably from llajputana. 

In Mr. Wynne^s reports* on the Salt-range of the regions both to the 
east and west of the Indus, and on the Kohat district, limestones suitable 
for building purposes are described as occurring in rocks of carboniferous 
triassic, Jurassic and nummulitic ages respectively. Curiously enough, 
however, the builders of the ancient temples in the Salt-range appear to 
have chiefly used a calcareous travertine, even where it had to be carried 
from long distances. The fact that it could be easily cut when fresh, 
though it hardened afterwards, probably commended it to the early 
builders, but the material is liable to decay when in exposed situations, 
and being porous it would not be suitable for large modern works. 

In the Punjab Himalayas the thick-bedded and hard limestones of the 
Krol group would yield stone fit for ornamental or monumental purposes, 
and a generally thin-bedded micro-crystalline magnesian limestone is 
found in the Blaini group (vide Part II, p. 599). As a source of lime, 
travertine or tufa is principally employed, but boulders picked out of the 
beds of torrents are sometimes used. Mr. H. B. Medlicott^ has sug- 
gested that some of the limestones of the lower Krol band might yield a 
suitable material for the manufacture of cement. 

North-West Provinces: Kumaun and Garhwal Districts.-— 
There are several sources of limestone suitable for the manufacture of 
lime in these districts ; the principal is afforded by the bands which occur 
in the Krol group (^ide Part II, p. 601). Mr. E. T. Atkinson^ has given 
a brief sketch of the distribution of the different sources of limestone and 
the manufacture of lime in these districts. 

The best lime is obtained from the travertine in the Tarai, at the foot 
of the hills, and this was found to answer best as a flux in the iron works 
at Dcchauri, as has been stated in Chapter VIII. A maund of burnt 
lime, delivered in any part of the district, costs 10 to 12 annas. An in- 
ferior kind of lime is also made in the Tarai from kankar. 

Darjiling. — In his account of the geology of the Darjiling district 
and the Western Duars, Mr. MalleP** has entered very fully into the ques- 
tion of the present and possible future sources of supply of lime. Of the 
latter there are three, namely, the dolomite or magnesian limestone of the 


^ Mem., G. S. I., Vol. XI, p. 190; Vol. XVI, p. 298 ; Vol. XVII, p. 95. 

^ O'p. cit.y Vol. Ill, p. 176. 

® Economic Oteology of Hill Districts of N. W, P. Allahabad, Pamph, p. 35. 
♦ Mem., G. S. 1., Vol. XI, p. 83. 
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Baxa series^ the impure limestones in the tertiary rocks, and the recent 
calcareous tufa or travertine; the last only has been used hitherto for 
burning*. 

The dolomite forms a high range of hills just beyond the British 
boundary in Bhutan, but a considerable quantity of rolled masses might 
be obtained in the stream beds which are in British territory ; east of 
Baxa, the same rock occurs within the British boundary. The following 
analysis by Mr. Tween shows that a useful lime might be manufactured 
from it, if for instance it was required in quantity at Jalpigori : — 


Carbonate of lime 

,, „ magnesia 

Oxide of iron and alumina 
Insoluble . 


Liphl-jfray 

Hachuroid. 

White, almoHt 
crypto-eryatallinc. 

597 

60-5 

37-8 

387 

1-0 

•8 

•3 


995 


The tertiary limestones occur in thin beds and in scattered nodules 
and nowhere in sufficient abundance to be regularly quarried. The calca- 
reous boulders, which are washed down in the beds of streams, vary much 
as to the amount of carbonate of lime which they contain. Both these 
facts are a drawback to the employment of this rock in the manufacture 
of a natural cement for which certain samples obtained in the Chican- 
khola river were considered by Mr. Dejoux to be well adapted. An 
analysis by him gave the following result : — 


Carbonate of lime 

„ „ magnesia . 

Oxide of iron and alumina 
Clay .... 
Sand .... 
Lotss .... 


687 

17 

1-3 

27*4 

'6 

•3 


100 - 


The calcareous tufa is found at numerous localities, but owing to an 
expensive and wasteful system of burning, and the cost of carriage, the 
lime commands a high price, being sold for its. 3 amaund at Paiikhabari, 
and Rs. 2-6 at Jallapahar. 
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Analyses of samples from the Titi nadi gave r~ 



Porous tufa. 

OalcordouB tufa. 

Carbonate of lime 

. 98TO 

98*50 

„ „ magnesia .... 

. 1*30 

1-50 

Oxide of iron, alumina, and insoluble matter 

80 



100*20 

100*06 


Mr, Mallet suggests that limestone from the dolomite and the tufa 
of the Western Duars might he brought into competition with Sylhet 
line from Chatak over a considerable part of Lower Bengal, if not in 
Calcutta itself. For further information on this subject reference should 
be made to Mr. Mallet^s memoir. 

Assam. — It is not easy to give a succinct account of the sources of 
lime in the valley of the Bhramaputra. In some few places nummulitic 
limestones occur, but local deposits of travertine supply much of the 
lime which is used, while boulders of an old blue limestone brought down 
the river from above Bhramakhund are burnt for lime in some of the 
north-eastern districts. 

The nummulitic limestones on the southern face of the Khasi and 
Jaintia hills afford an inexhaustible source of lime, which has been drawn 
upon for many years under the name of Sylhet lime, to supply the wants 
of Calcutta and the greater part of Lower Bengal, wherever lime made 
from kankar is not available. According to the Statistical Account of 
Assam, there are 26 quarries in the Khasi and 7 in the Jaintia hills. The 
principal depots for burning are at Chatak and Sonamganj, and on the 
intervening portions of the bank of the Surma river. 

During the year 1876-77 the estimated export was 1,600,000 maunds, 
valued at Bs. 480,000, and the revenue received by Government was 
Bs. 67,266, in addition to which the Khasi chiefs received a revenue from 
this source of more than Bs. 20,000. The trade is chiefly in the hands 
of the Messrs. Inglis, who at one time enjoyed a complete monopoly, both 
in limestone and the oranges for which this region is famous. The price 
of the lime is said to have much increased during the past twenty years, 
though the quantity exported has not. 

Much of this nummulitic limestone would, when properly cut and 
polished, afford a handsomely veined marble, which would be suitable for 
chimney-pieces, slabs for tables, garden-seats, and for flooring-tiles. 

Burma: Arakan Division. — Limestone of nummulitic age occurs in 
inexhaustible abundance on the island of Bamri, and several of the other 


F. R. Mallet. Mem,, G. S. 1., Vol. XII, p. 361. 
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islands, and besides this roch-limestone raised coral reefs occur in several 
places.^ To the south of Sandoway, at a place called Bamni, Mr. Theo- 
bald “ states that there is an inexhaustible supply of excellent limestone, 
whicli is so situated as to be easy of access by larg*e vessels adapted to the 
coasting trade. Mr. Mallet considers that both these sources of supply 
are worthy the notice of Calcutta, as may be judged from the following 
analyses : — 



Ramri. 

Bamni. 

Carbonate of lime 

. 94*4 

96*4 

„ „ magnesia . 

. *6 

... 

Iron and alumina 

. 1*5 

0-8 

Insoluble 

. 3*6 

2-8 


100-0 

1000 


Pegu Division, — According to Mr. Theobald nummulitic limestones 
abound all along the Arakan range, but to the east of the Irawadi the 
chief sources of lime are deposits of tufa or travertine, which are not very 
abundant. In Basscin at Thamandewa and Kyout-thing bhaw on the 
Bassein river, there is an inexhaustible and easily accessible supply of 
limestone. None of the above are recommended as being suitable for 
ornamental purposes, but neat gray marble, suitable for flooring, is ob- 
tainable in the hills to the north-east of Tounghu. 

Tenasserim Divis.on. — True carboniferous limestones occur in this 
division, and the famous caves at Maulmain are in this rock. Tufaceous 
deposits are common ; and from stalactitic limestones obtained in the 
caves many images and ornamental objects, which are commonly sup- 
posed to be of alabaster, are carved.’ The limestones containing galena 
in the Salwin region are said to be dolomitic, A pure white marble 
occurs in Tavoy. A sample of it, and another from Mergui, were con- 
sidered by Dr. Ure, who reported on the iron ores of Mergui, to be well 
adapted for employment as fluxes. 

Upper Burma. — The beautiful semi-transparent white marble which 
is so extensively used for carving into the well-known sitting and recum- 
bent figures of Gaudama is said to be chiefly obtained from the Tsygen 
hills, near the village of Mowe, in the district of Madeya. 

Andaman Islands. — Another alternative source of supply of lime 
for Calcutta is afforded by the coral reefs of the Andaman Islands. The 

' Rccordg, G. S. T., VoL XI, ?. 221. 

^ Mem., G. S. I., VoL X, p. 345. 

=* Mason, Rev. F. Natural Productions of Burma, p. 29. 

* Jour. As. Soc. Bengal, Vol, XU, p. 238. 
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idea has been sug<]:ested more than once during: the past twenty years, and 
it is supposed that the only objection to it arises from the necessity for the 
presence of coasting vessels which would be involved, and the consequent 
risk of the convicts escaping ; but with so pure a source of lime, abun- 
dant fuel and labour at command, there can be little doubt that Calcutta 
might be supplied with excellent lime at comparatively small cost, and a 
useful and profitable occupation would be thus afforded for the convicts. 

In 1862^ some experiments were made by the Public Works Depart- 
ment with lime made at Barrackpur from coral brought up as ballast 
from the Andamans. The cost of the lime when burnt, exclusive of 
freight and collection, was from Rs. 35 to 45 per 100 maunds, as against 
the market price of Sylhet lime from Rs. 85 to 90 per 100 maunds. 
Opinions differed slightly as to the relative merits of the two limes, but 
on the whole the coral lime was considered equal to the other; whether 
it would answer best to burn the lime in the Andamans and bring it up 
slaked like the Sylhet lime, or to burn it where fuel is more expensive, 
can only be determined by actual trial. 

• 

Kankar (Kunkur) : General Remarks.— If the amount of space 
devoted in this volume to the treatment of the different subjects was 
in the direct ratio to the present importance of the several productions 
treated of, there is hardly one of them which would require a greater 
number of pages than kankar. But while, on the one hand, the informa- 
tion regarding the distribution of this deposit would be necessarily 
incomplete, on the other hand the repetition of details, closely like one 
another in reference to the different provinces and districts, would be un- 
necessarily tedious and not of much practical use. Under these circum- 
stances a very brief treatment of the subject seems the only suitable 
alternative, and for this purpose the resume of the subject given by Mr. 
W. T. Blanford in the first part of this work contains all that is required 
in order that the reader may obtain a just comprehension of the nature 
and mode of occurrence of this substance. 

By Anglo-Indians the term ^ kankar ^ (which really means any kind 
of gravel), has been specially used for concretionary carbonate of lime 
usually occurring in nodules, in the alluvial deposits of the country, and 
especially in the older of these formations. The commonest form con- 
sists of small nodules of irregular shape, from half an inch to 3 or 4 
inches in diameter, and composed within of tolerably compact carbonate 
of lime and externally of a mixture of carbonate of lime and clay. The 
more massive forms are a variety of calcai*eous tufa, which sometimes 

* Engineers’ Journal, Calcutta, Vol V, p. 61. 
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formp thick beds in the alluvium, and frequently fills cracks in the allu- 
vial de]>osits or in older rocks. 

111 the beds of streams immense masses of calcareous tufa are often 
found, forming* the matrix of a conglomerate of which the pebbles are 
derived from the rocks brought down by the stream. There can be no' 
doubt that the kankar nodules, calcareous beds and veins, are all deposit- 
ed from water containing in solution carbonate of lime derived either 
from the older rocks of various kinds, or else from fragments of lime- 
stone and calcareous formations contained in the alluvium. 

The following analysis will give a fair idea of the usual composition 
of nodular kankar. 
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As a flux for iron, kankar has been tried on several occasions, and 
opinions are somewhat divided as to its applicability to the purpose ; but 
owing to the uncertainty of its composition it is distinctly less well 
adapted than rock limestones which have a well-defined average com- 
position, even though in the latter the proportion of carbonate of lime 
may average something less. 

Block kankar has been largely employed as a building-stone, more 
particularly in connection with the Ganges Canal works. 

Cement. — Some remarks seem called for on the applicahility of the 
above substances to the manufacture of cement as the subject is one 
of considerable importance and has attracted a good deal of attention 
of late years. 

In so far as Calcutta is concerned, the question has been very fully 
settled. It was found that the ordinary blue clays, of which an un- 
limited supply can be obtained, were admirably suited for the manu- 


^ Ghazipur. Prinaep. Gleanings, in Science, Vol. Til, p. 278. 

2 ilaniganj. Dejoux. Records, G. S. I., Vol. VII, p. 123. 

* Bannuri. ® ilanmagar. Sanktoria, all near Ranigang. Tween, Ibid. 

* ® Saliaranpur. Thomson. Kurki Treatise, Civil Engineeilng, Vol. I, p. 115. 
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facture of either Portland or ordinary artificial cement, but difficulty 
has been experienced in getting* lime from indigenous sources of suitable 
quality, that is to say lime sufficiently pure and capable of being reduced 
easily to a fine powder. The high cost of indigenous limestones is also 
against their profitable employment for this purpose. As a substitute 
English chalk has been used with considerable success.^ When brought 
out as ballast it can be laid down at a comparatively small sum. In 
the paper quoted below, full information on the subject of the preliminary 
experiments will be found. Since that time a company for the manu- 
facture of Portland cement has been formed in Calcutta, and at present 
the materials used consist of an argillaceous kankar to which a fat lime- 
stone is added in the proportion necessary to bring the calcareous up 
to the proper relation with the argillaceous constituents. Hitherto this 
fat limestone has been obtained in Calcutta at a cheap rate as it is 
brought out as ballast. 

Natural cement stones for the manufacture of both Roman and 
Portland cements have been used in many parts of the country. Practical 
information on the subject will be found in several accounts published 
in the Professional Papers on Indian Engineering (Rurki). 

Barite or Barytes: General Remarks. — The barium sulphate 
occurs in modified rhombic and rectangular prisms. Its commonest mode 
of occurrence is in mineral lodes, where it forms a portion of the gangue. 

The principal use to which it is put is to adulterate other substances 
of higher value. When pure and white it gives an opacity to white- 
lead paint, which causes it to be specially suitable for particular pur- 
poses. Asa general rule, however, it is added to white-lead from frau- 
dulent motives. 

Madras : Karnul District, — The principal gangue stone in the 
Gazalpully or Baswapur lead mine {vide page 284) consists of Barytes, 
and if required it seems possible that a large supply could be obtained 
there. 

Central Provinces : Jabalpur District : Sleemanabad.— Barytes 
occurs in association with the traces of copper ores {;pide Cliapter V), 
at this locality. 

Rewah State: Sohagi Ghat, Lat. 24^^; Long. 81° 45'. — Small 
quantities of barytes have been obtained in the lower Rewah beds at this 
locality, and also in the Ginga hill.^ 

• Supplement, Gazette of India, .January 16, 1875, p. 88. 

! Mem,, G. S. 1., Vol. VII, p. 122. 
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Rajputana : Ajmir District : Tabagarh. — Barytes is said to occur 
in the lead mines at this locality * {vide page 299). 

Punjab : Simla District : Subathu. — Barytes is found associated 
with galena in the lead mines at this locality {^ide page 304). 

Celestite or Oelestine : General Remarks. — Strontium sulphate 
or celestine occurs in rhombic or tabular crystals of the trimetric system, 
and is also found massive. Its chief use in the Arts is for making the 
strontium nitrate, which is an ingredient in fireworks, where a red fire is 
required. There are at present only two known localities in India where 
this mineral occurs. 

Bombay: Sind; Kohistan. — Crystalline lumps of celestine, which 
were about the size of walnuts, were found somewhat sparingly by 
Mr. Fcdden scattered over the surface of the Kirthar limestones, 
especially to the east of the range which lies eastward of Bhule Khan^s 
thana/^ ^ 

Punjab: Salt Range: Surbag. — Celestine has been found by 
Mr. Wynne in red clays of tertiary age at the above locality. It is not 
supposed to be abundant there. 

* Dr. Irvine. Topography of Ajmir, p. 166. 

’ Mem., G. S. 1., Vol. XVII, p. 196. 
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CHAPTER XII. 

SODIUM AND POTASSIUM COMPOUNDS. 

Salt (Solium Chloride)— General Remarks — Madras— Orissa — Bengal — Berar— Ra]pu- 
tana — Sambhar Lake — Didwana Lake — Kachor-llewasa Lake — Bombay — Afghanistan — 
Punj ab — Kobat — Bannu — Salt-Hange — Gurgaon — Mundi — North-West Provinces — 
Assam — Chittagong — Burma. Carbonate of Soda (Sodutm Sksqutcarbonate) —Ge- 
neral Remarks — M.^ulras — Salem — Mysore — Berar — Lonar Lake — Central India — North- 
West Provinces — Oude. Glauber Salt (Sodium Sulthatk) — General Remarks. 
Reh — General Remarks. Borax (Sodium Biborate) — General Remarks — Katty war — 
Kashmir — Thibet. Saltpetre (Potassium Nitrate) — General Remarks. Sylvink. 
(Potassium Chloride)— General Remarks. 

Salt or Sodium Chloride : General Remarks. — Salt is the mine- 
ral production, which is, of all others, the most important to the Indian 
revenue. Tlie annual gross receipts received as tax on this commodity 
amount to about £7,000,()0U. 

Since the yc'ar 1868 much has been accomplished with reference to 
equalising the duties in different parts of India, and coincidently with 
this many changes have taken place, certain sources of supply have 
been developed, while from others the outturn has diminished. The Gov- 
ernment monopoly has been abandoned in some regions, while in others 
it has been established. It is not within the prescribed limits of this 
work to describe these changes, nor to detail the masterly arrangements 
by which the abolition of the Customs line has been accomplished. 

While there are, as will be seen, several very distinct sources of salt 
in India, each of which is practically inexhaustible, there is still a steady 
import trade from foreign countries, and there appears to be no imme- 
diate likelihood of any diminution taking place. 

The following sketch includes accounts of the most important sources 
of supply, but it does not pretend to be exhaustive, as that would involve 
an amount of detail which would not be of much practical use. 

Madras. — The indigenous sources of salt-supply in Madras have 
been the salt-pans on the coastal districts, where, by the evaporation of 
sea- water, the salt is obtained. This manufacture, with various modifica- 
tions from time to time, has been carried on partly as a Government 
monopoly, and partly under an excise system, by which the right to manu- 
facture is leased to private persons, who have to pay duty on all the salt 
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they produce for consumption. A spontaneously formed salt obtained 
in swamps and lag’oons is in most cases destroyed by Government oflScials, 
but at Pandraka in the Kistna district, and Vedarniem in the Tanjore 
district, salt of this nature is collected. 

Up to within the past few years an untaxed manufacture of salt by 
lixiviation of saline earths was carried on in the interior districts of Ma- 
dura, Bellary, Kadapah, Karnul, &c. Since 1879, however, measures 
have been taken for its complete suppression. Salt of similar origin 
used to be manufactured in Mysore. In all cases it was regarded as being 
inferior in quality to sea-salt, and was only used by the poorest classes. 
Madras generally is at present, however, largely dependent on imported 
salt for the supply of her requirements, though it would appear that an 
extension and improvement of the local manufacture, whether by mono- 
poly or under the excise system, would result in a largely increased out- 
turn, as a considerable part of the line of coast from Ganjam to Cape 
Comorin is available for the purpose. The following is an account of the 
plan which was generally followed in the manufacture of salt by solar 
evaporation in the Chingleput district:^ ^^The manufacture begins in 
January as soon as the rains are over and the weather begins to get warm. 
The pans, which, including their reservoirs, arc each two-thirds of an acre 
in extent, are first cleansed from the mud accumulated in them during 
the monsoon. Next day they are moistened with a little water and 
ridges are raised between the pans. On the third day the pans are dug 
1^ inches deep with a kind of spade, and in the evening an inch of water 
is let in. From the 4th to the 9th day they are trodden down cross- 
ways. On the 9th day an inch of water, already well heated by the sun, 
is admitted. In the course of a few days a little inferior salt is produced 
mixed with brackish water. The pans are again well trodden down for 
four days, and water is admitted, which in four days more will produce 
good salt. From the 23rd to the 25th day the pans are pounded with 
rammers till the salt is quite destroyed, when an inch of water is again 
admitted. On the 29th day, when the water is a quarter of an inch 
deep, the salt is fit to be taken out. It is then stowed on the banks 
to dry for six hours, after which it is removed to raised dry platforms of 
sand and then stored in heaps of 60 tons or more.^^ 

The pans are not evaporated to dryness in order that the magnesium 
sulphate or Epsom salts may remain in solution, or a part of it, for the 
process is not very carefully conducted ; a certain amount of calcium sul- 
phate or gypsum is generally included in the salt. 


Chingleput District Manual, p. 307. 



Eoonomic Geology*] 


SSltAR. 


477 


The above seems a complicated system, and one important part o£ the 
process, the preliminary evaporation of the brine in pits for 25 days or 
so, has been omitted from the description. In 18^5 the Board of Revenue 
ordered that the brine should be reduced 50 or 76 per cent, in bulk before 
being admitted into the pans. 

The French Settlements in India do not manufacture salt, in conse- 
quence of conventions entered into with and compensation received from 
the British. 

Orissa. — Formerly the manufacture of salt on the coast of Orissa 
was an important Government monopoly. At present it is wholly in 
the hands of native capitalists. In Balasore and Puri the trade is said 
to be increasing, but it is declining in Cuttack. In some localities the 
evaporation is carried on by artificial means ; in others by a solar process, 
similar in general principles to that practised on the coast of Madras. 
In Puri the water of the Chilka lake is used for the manufacture. The 
artificially evaporated salt is said to be the best, but having been cooked 
it is not used by the stricter Hindus. For further information on these 
subjects reference may be made to the Statistical Account of Bengal. * 
From Orissa and the northern districts of Madras, Gan jam, &c., a con- 
siderable quantity of salt finds its way into the Central Provinces and 
Western Bengal. 

Bengal. — Formerly the Government monopoly of salt manufacture 
extended into Midnapur and lessor, and salt from saline earths used 
also to be manufactured in the Patna district, but the industry is now 
extinct, and salt is no longer directly manufactured from any source in 
Bengal proper. 

But indirectly a certain amount of salt, especially in Behar, is pro- 
duced in tlie saltpetre manufactories. This product is subject to excise 
and has to be carefully watched by the excise officers. 

Berar. — The sources of salt in Berar have formed the subject of 
numerous papers, and the Lonar lake especially has been accorded a con- 
siderable degree of notice. Over an area, about 50 miles in length and 
10 miles in breadth, on both sides of the Porna river in Akola, wells used 
to be sunk, from which brine was obtained and considerable quantities of 
salt used to be manufactured by solar evaporation. Some of the wells 
close to Dahihanda are 130 feet deep. On the brine reservoir being 
tapped the brine spouts up with considerable force. In 1855-56, 398 
of these wells were in working order and yielded to Government a re- 
venue of Bs. 24,000.'^ 

' Vols. xvni and XIX. 

» Wynne, A.B. Records, G. S. I., Vol. 1, p. 3 ; and Berar (iazettecr, p. 22. 
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Rajputana. — There arc four sources of salt-supply in Ilajputana, as 
follows : — 

{hf) From large shallow lakes without outlets, 

{2nd) From earthworks, i. e., the collection of saline efflorescence, 
{3rd) From weak brine pits, 

(4th) From deposits in old river-beds. 

Although the lakes were the most extensive single sources of salt, 
the aggregate outturn from the other sources was very considerable. 
Thus, in favourable seasons, Bhartpur produced as much as 16,00,000 
maunds of fair small-grained salt, but in 1876 this manufacture was 
closed as the result of treaties, and, moreover, because it was undersold 
by the salt from the Sambhar lake. 

A brine pit in Bhartpur, which was examined in 1865, contained 20 
to 30 feet of brine, at a depth of 20 feet from the surface ; it was stated 
to have shown no diminution of supply for 28 years. There was at 
this spot no efflorescence on the surface to show the existence of salt 
below. In another well a section of 20 feet showed only the ordinary 
sandy and kankary soil common in the plains. 

At Panebbadra, which turns out annually 11,00,000 maunds of good 
salt, the sup})Iy is obtained from wells which are dug in what is supposed 
to be an old bed of the Loni (Salt) river. 

The principal salt lakes in Rajputana are Sambhar on the borders of 
Jaipur and Jodhpur; Kachor-Rewassa in Shekhwati ; Didwana and Pha- 
lodi in Jodhpur; Lonkara sur in Bikanir, 

Sambhar Lake. — This la’ 3 is situated on the eastern side of the 
Arvali range, on the borders of Jaipur and Jodhpur. Its greatest length 
is 20 miles, and the average breadth about 5 miles. Its greatest depth 
near the centre, at; the end of the rains, does not exceed 3 feet. The 
lake is merely a hollow in the middle of long ridges of sand, some of 
them 100 feet high, and under the lee of one of these it is protected from 
being filled up by blown sand. The drainage area is 2,200 square 
miles. The principal streams falling into the lake are two, one of which 
comes from 50 miles to the north-east, and the other from the neighbour- 
hood of Ajmir, 40 miles to the south. The rocks occurring in the 
neighbourhood are, according to Mr. Hacket,^ much disturbed schists 
and quartzites of the Arvali series. A tufaceous limestone is also abun- 
dant. Neither here nor anywhere else, where these rocks have been 
examined, has any bed been met with which would afford a source from 
whence the inexhaustible supplies of salt about to be described could 


Records, G. S. 1., Vol. XIII, p. 197. 
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have come from. It has been sii^g^ested that under the concealment of 
the widespread sand, there may he beds of salt which are a marine 
deposit and coeval with the fresh-water Vindhyan sandstones^ and that 
such beds, if they exist, may be a link between the great salt deposits 
of the Salt-range and the Vindhyan rocks of peninsular India. Another 
hypothesis is that there was here an arm of the sea in comparatively 
recent times, which on its retreat left behind it a salt- impregnated soil; 
still another hypothesis is that the salt is derived from the ordinary 
source of the saline waters of lakes which have no outlet except that 
afforded by evaporation, — that is to say, from the so-called sweet waters 
which, as is explained in the account of Reh, given in this Chapter, 
deposit under certain conditions saline matters to such an extent in some 
areas as to maike cultivation impossible. Although it seems to be just 
possible, though perhaps not very probable, that research by borings may 
yet demonstrate the first to be the true hypothesis, still the facts, as 
at present known, on the whole favour the last hypothesis. These salt- 
producing lakes are in enclosed drainage basins. As already stated, the 
area of the Sambhar basin is 2,200 square miles, and prmd facie con- 
clusion is that the salt results from the concentration of the saline matter 
which follows from the high rate of evaporation. 

The following is taken from a report by Mr, Adam for 1870-71. 
The specific gravity of the lake-water during the past rains was never 
less than that of sea- water, namely, 1*03, while the lake- water on the 
SOth July gave 103. In August it was the same. During September, 
the specific gravity stood at 1*04; in October, it rose from 1*05 to 
1*07 ; in November, it varied from 1*08 to 1*10 ; in December, owing 
to some slight showers of rain, it was reduced to 1*095 ; in January, it 
increased from 1*11 to 1*14; in February, it increased from 1*15 to 1*20, 
and at this specific gravity salt began to be deposited. 

When the brine reaches 1*8 operations are commenced, according to 
Mr. Adam, by cutting off portions of the lake by means of low walls 
of mud and grass. The salt forms in a crust which is over 2 inches 
thick on the fetid lake-mud, which is a foot in depth. The labourers 
lift this by placing their open hands between the salt and the mud and 
throw it into heaps, which are afterw'ards removed to store. This work 
lasts from March till the commencement of the rains ; in the height of 
the hot weather the lake contains no water, but presents a dazzling 
roseate-white efflorescence. The crystals are generally in the form of 
truncated pyramids, and are of three colours, blue, white, and red. The 


* Stray Feathers, Vol. 1, p. 363. 
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red salt is not much esteemed, and the price obtained for the blue and 
white varies with the shade and perfection of the crystalline form. The 
natives evidently hold that salt loses its savour as the new salt of the year 
is always in most demand. For seventeen years before 1873 the averag'e 
outturn had been from Sambhar 6,90,000 maunds (==: 25,346 tons), and 
the carriage then available for exporting the yearns sales amounted to 
3,00,000 bullocks, 66,000 camels, 18,000 carts, and 5,000 asses. At 
present the Sambhar lake has communication by rail. 

In 1879 the outturn at Sambhar amounted to 30,00,000 maunds 
(=110,204 tons). This increase is partly due to the improved quality of 
the salt produced under British management, but it is perhaps chiefly 
attributable to the treaties with Native Chieftains, which have resulted 
in the closing of many inferior sources of supply. 

Sambhar salt has hitherto partially supplied the States of Jaipur, 
Alwar and Kishengarh, and has been largely imported via Bhewani, 
Delhi, Agra and Jhansi into British territory, besides mainly supplying 
the populations of the northern and eastern portions of Meywar, the 
Haraoti Agency, and Gwalior/^ ^ 

Didwana Lake. — This lake, as described by Mr. Hacket,^ is situated 
about 20 miles to the west of the Arvali range and 35 miles north-west 
from the Sambhar lake. It is about 4 miles long and broad. 

During the rains there is about a foot of water, but this soon dries 
up. The origin of the lake is similar to that of the Sambhar lake. The 
mode of procuring the salt, however, differs essentially ; wells are sunk 
to a depth of 15 feet and the bottom is }>ierced to a further depth of 2 
or 3 feet, when brine suddenly rises with an evolution of sulphuretted 
hydrogen to within 4 feet of the top, and stands at that level, indicating 
the existence of a certain amount of hydrostatic pressure beneath the 
layers of sand and sandy calcareous tufa which are seen in the well 
sections. The brine is baled out and evaporated, the salt being produced, 
it is said, at the low rate of one rupee for 200 maunds ! 

The salt from hence has partially supplied the northern portions of 
Jodhpur and Bikanir and has been imported Bhewani inconsiderable 
quantities into British territory.^ 

Kachor-Rewasa Lake is about 30 miles north of the Sambhar 
lake. The outturn in 1879 was about 15,00,000 maunds. 


Rajputana Gazetteer, Vol. I, p. 19. 
KecordK, G. S. 1., Vol. XIII, p. 201. 
Rajputana Gazetteer, Vol. Ill, p. 19. 



Economic Geology.] 


AFGHANISTAN. 


481 


Bombay. — Salt is manufactured from sea- water on the coast of Bom- 
bay to a very large extent^ and in the year ending 31st March 1880, 
there were 415 salt works* open, the revenue derived from which exceeded 
15 millions of rupees. This salt is not only used in the Presidency, but 
is also largely exported to the inland provinces and even occasionally to 
Calcutta! From 1802 up to last year (1880) the British Government 
have had a half share with the Nawab of Cambay in certain salt works. 
The pans covered a space 2 miles long and a quarter of a mile broad. 
These works have now been closed except that the Nawab, who receives 
Bs. 40,000 annually as compensation, is allowed to manufacture up to 
500 maunds for the use of his Court. ^ 

Salt used to be manufactured from saliferous soils and saline waters 
in various parts of the Deccan, but the industry is probably now extinct, 
though carbonate of soda and saltpetre are still manufactured. 

In Cutch the naturally formed salt on the Bunn might be obtained in 
vast quantities, but it is only collected to a small extent and is not 
exported ; nearly all the rocks, soils and waters of Cutch are impregnated 
with salt.^ 

There are accounts of large accumulations* of salt in Sind, but they do 
not appear to have been used as sources of supply.'*’ 

Mr. W. T. Blanford^ has described a very remarkable formation of 
rock-salt at the island of Hormuz in the Persian Gulf. Formerly salt 
used to be imported from thence to India, 

Afghanistan. — According to Captain Hutton,^ salt from three 
different sources used in his time to be sold in Kandahar. The first was 
obtained by lixiviation of a saliferous soil obtained in the Pishin valley ; 
the brine was evaporated by boiling . A similar salt was prepared at 
Kuskh-i-nakud on the road to Giiiskh. But the best was from Garmsael, 
where it was carried down in solution in the waters of a stream from the 
hills, which, spreading over a swamp, evaporated and left cakes of salt 
resembling ice. This account suggests the probability of the existence of 
rock-salt in these hills, Bock-salt is said to occur in Kohistan, and a 
sample of rock-salt was recently received from Pare Anguri in the Chak- 
mani countiy.^ The occurrence of rock-salt in Afghanistan is curious in 

’ Bombay Administration Report, 1879-80, p. 820. 

* Bombay Gazetteer, Vol. VI, p. 208. 

® Wynne, A. B. Mem., G. S. I., Vol. IX, p. 89. 

*■ Selections from Rccoi-ds, Bombay Government, No. XVII, p. 705 ; and No. LIV, p. G1 

« Records, G. S. I., Vol. V, p. 42. 

« Cal. Jour. Nat. Hist., Vol. VJ^p. 601. 

’ Proegs. As. Socy. Bengal, ISBO^p. 123. 
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the face of the large export of Kohat salt, which takes place to Kabul 
every year, as is mentiouecl below. 

Punjab. — While sources of salt-supply similar to those occurring in 
other parts of India are not wanting in the Panjab, this province is 
distinguished from all the rest by possessing enormous deposits of rock- 
salt. In connection with the fact of the occurrence of these deposits, the 
most remarkable circumstance is that, so far as is at present known, they 
do not all belong to the same geological age, but are referable to very 
distinct periods which are widely separated in time. 

During the past year ending 31st March the weight of Panjab salt, 
upon which inland customs duty was paid, amounted to over one million 
and a half of maunds, or say 65,000 tons. This is exclusive of the salt 
manufactured in the Delhi division from brine ; it only includes what has 
been raised from rock-salt mines. 

The rock-salt deposits admit in the first place of a geographical 
arrangement into those which are trans-Indus and those which are cis- 
Indus. In the trans-Indus region there are the deposits in Kohat, and 
there are also deposits close to Kalabagh ; the latter are merely a conti- 
nuation of those in the ci^-Tndus Salt-range, while the former are of a 
totally different age. It will be most convenient to describe them first, 
and for this purpose the reports by Mr. A. B. Wynne and Dr. Warth^ 
supply all the requisite information. 

Kohat District. — The rock-salt of this area is at the base of the 
sections, no older rocks being seen. It is overlaid conformably by gypsum, 
which is again overlaid by rocks of nummulitic age ; as no fossils have 
been found either in the gypsum or the salt, their age may be regarded 
as not being yet settled, but the presumption is that there is no break in 
time, and that they are therefore probably of eocene age. 

In this region the salt is obtained by open quarrying, not by mining as 
in the Salt-range. The principal quarries are at Malgin, which have been 
worked from time immemorial ; at Bhadur Khel, opened 1 2 centuries ago ; 
and at Jatta opened in the year 1650. 

At Jatta, Malgin and Narri gunpowder is employed for blasting the 
salt, but at Bhadur Khel and Kurruk it is obtained in slabs which are 
detached from the rock by pickaxe and wedge. The tools used by the 
quarry men are a pick sledge called loowar, 12 to 20 seers in weight; a 
smaller pick, sooiah ; a crow or jumper called juhber ; a needle for the 
blasting bore, sik ; a spoon to clear the bore-hole, kurrundi ; and a hand- 
barrow called hangai. 


» Mem., G. S. I., Yol. XI, p. 209. 
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The Bhadiir Khel slabs called ttMs are all of the same size, and do 
not require to be weighed. They are squares with a side of 13 inches and 
4 inches thick, the stratification of the salt being availed of by the quarry- 
men. One man can cut from 16 to 20 of these tubhs in a day, and in this 
form the salt is sold. At Jatta the outcrops of salt extend over a space 
half a mile long and a quarter of a mile broad ; in one place a thickness of 
100 feet of salt was seen, but the base was concealed. At Malgin the salt 
crops out for a distance of 3 miles. 

The quarries have generally a vault shape in order to support the 
superincumbent debris, and the system of working seems to be dangerous 
and wasteful. Prom the two above-named localities the average outturn 
is 1,00,000 maunds each per annum. 

The quarries at Bhadur Khel are situated along outcrops fully 4 miles 
in length and from a quarter to half a mile in breadth. In the eastern half 
of this tract, the salt shows in a great number of outcropping exposures, 
while the western half is almost entirely of naked salt, patches of gypsum 
or earth concealing it being rare. In one place, whore best exposed, the 
thickness is at least 100 feet, most of it fit for excavation. The only 
admixture consists of occasionally interspersed clay ; no foreign salts are 
included. 

The authors quoted give very full details regarding individual quarries, 
from which it is unnecessary to quote further here. There are said to be 
335 distinct exposures of rock-salt, exhibiting approximately 3,082,996 
superficial feet of salt. Taking an average thickness of 200 feet for the 
whole area in which the salt is known to occur, the total available quantity 
is estimated at 40 millions of maunds, which, allowing for waste, would at 
the present annual rate of consumption last for 40,000 years. 

The Government tax on this salt is trifling, and its importation east- 
ward of the Indus is prevented by the customs line. It supplies a 
computed area of 60,000 square miles, including most of the Derajat and 
a large part of Afghanistan, — even, it is said, reaching Kandahar. 

Bannu District: Kalabagh.-— The salt at this locality is of the same 
age (silurian ?) as that about to be described in the cis-Indus Salt-range, 
and it is therefore presumably much older tiian that in Kohat. Ac- 
cording to Mr. Wynne ^ it has been traced along the Luu nala for a dis- 
tance of about 2 miles from the Indus, opposite Mari, and is reported 
to occur again 9 miles up the valley. 

The salt is worked by open quarries and small drifts, and the beds, 
which are worked, vary from 4 to 10 or 20 feet in thickness, and there are 


^ Mem., G. 8. 1., V(»l. XIV, p. 274. 
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alternations of good and bad salt. Much of this salt occurs in a crystal- 
line condition, transparent cubes of several inches on the side being 
obtainable. The age of the salt which is reported to exist higher up 
the glen is not yet known. The salt raised at Kalabagh is carried 
eastwards or across the Indus, being subject to the high duty. 

Salt-Range. — ^The rock-salt of the Salt-range is the oldest known 
deposit of salt in the world. As it underlies beds containing silurian 
fossils, it belongs to a period not younger than silurian. Thus it is 
much more ancient than the Kohat salt, which, as has been above stated, 
is probably of eocene age. 

In consideration of the high importance of this deposit, the following 
somewhat lengthy quotation from Mr. Wynne^ is given. Not only does 
it contain Mr. Wynne^s own original remarks, but it is a reaumS of the 
observations by others, especially of those by Dr. Warth; — 

It appears that the mines were formerly much more numerous, and, 
under native management, merely consisted of small openings at first, which 
were afterwards unsystematically enlarged, until they became dangerous. 
Since the annexation of the Punjab, it has been found useful for facility in 
collecting the revenue, to lessen their number greatly, and still further 
reduction has been proposed or lately carried out. 

‘‘The mines open during the progress of the Geological Survey were 
those of Khewra, Sardi, and Yarcha, on the eastern side of the Indus, and 
the open quarries of Kalabagh beyond that river. Besides these, an experi- 
mental driving was being sunk (and is intended to be carried on from time 
to time) beneath the southern clilfs of Mount Tilla, in order to prove the 
existence or absence of workable salt within reach, that point being so 
much nearer than the others to the Northern State Railway. Up to the 
latest information the salt had not been reached. 

“ The largest mines of the range are the Mayo mines at Khewra, so 
called to commemorate the visit of a late Viceroy. In these, vast but 
dangerous chambers had been left by the old Sikh workmen, who either 
knew Or cared so little how or where they worked, that two heavy pillars 
supporting the roof of one excavation were left resting upon a thin crust 
of salt, spanning another large chamber below. It has been remarked that 
most of the roof-falls of the mines took place at night, and the miners, who 
work only in the day-time, may have relied on this poor chance of safety. 
As it was a matter of great uncertainty how long these pillars would remain 
supported, instead of supporting the roof above, their removal was ordered, 
when suddenly, on Sunday the 5th of June 1870, one of them broke through, 
carrying with it a large part of the roof, and forming a crater on the hill 
in which the mines are situated. The fallen mass of salt and marl was 

* Mill]., G. S. 1., Vol. XIV, p. 284. 
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estimated (by Dr, Warth) at half a lakh of mannds, from which the 
damage that might have been done, had there been miners at work beneath, 
may be imagined. 

** The present state of these mines differs widely indeed from that which 
existed during the earlier visits of the Geological Survey Officers to the 
place, and still more from the state of things described by Dr. Fleming 
and Mr. Theobald or previous writers. When I was going through them 
first with the Deputy Collector formerly in charge, his kindly warnings 
not to remain in certain places were repeatedly given, but now, even though 
the mines are far from being everywhere safe, the alteration in them is so 
great that an air of security is derived from the regularity of the new 
works, and the business-like manner in which the opei*ations are being 
carried on. Since Dr. Warth took charge, this great improvement has 
been effected, though improvements upon the old s3^stemless plan of 
working were of course in progress ever since the British rule began > 
as evidenced by the very names of workings like ‘‘ Thompson’s drift,” 
“Purdon’s tunnel,” Mathew’s drift,” &c. Only a few years since, en- 
trance to the mines was gtiined down a slippery incline, or through an adit, 
but now one can drive in upon a tramway, through a spacious passage, and 
observe a system of regular pillars and openings, with various inclined and 
other drifts, leading to a main passage, through which the salt is taken 
out of the mine in trucks. In former days, the two principal mines here 
(the Baggi and Sujewal mines) were disconnected, and both of them ill 
ventilated : a passage has now been open from one to the other, which not 
only gives a fine rush of air through the mine, but offers an additional 
means of escape for the numerous workmen in case of danger. 

“The old chambers, however, still remain to contrast with the new 
system, and when lighted up the effect of these great caverns is very pic- 
turesque, particularly under the influence of coloured lights or that from 
the magnesium lamp ; but it is only in very strong lights that the brilliant 
reflections from the facets of crystals become at all prominent, though fre- 
quently spoken of by previous writers, before blasting powder was so much 
used ; nor are stalactitic masses so common as one might expect. 

“ The method of working in these Baggi and Sujewal mines is described 
by Dr. Warth in his first paper previously referred to, from which the fol- 
lowing is condensed ;-?■ 

“ ‘ The miners work in three different ways in the Baggi mine. First 
forward from a certain floor into the rock-salt. This is called the hatti 
(jeuttee), and is the most troublesome. It is nearly as hard as cutting drifts 
there being a good deal of pick-work before the men can blast. As the 
hatti is carried forward, they gradually work the roof down, sitting upon 
tripods, some of which are 25 feet high. This is called chhat (chutt) ‘ work. 


* From the word pronounce<l “ clmtt,” meaning roof or ceiling. 
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When they have advanced with the hatti and cMiat^ they begin to work 
from behind downwards. This is called the par (pwr), or deep working. 
This par ought to bo very easy work, but it is not because from want of 
space it cannot be carried on in regular advancing steps ; instead of this, 
the miners work the par directly downwards over areas marked out to 
them, both in the Baggi and Sujewal mines,’ 

“ Dr. Warth proposed to operate in a contrary manner, namely, to work 
the hatti on the roof of the salt seam, and the remaining salt down to the 
bottom as par by steps. The improvements are being gradually carried 
out, and the appearance of the mine is yearly changing in consequence, so 
that in course of time there is little doubt the system will become as per- 
fect as possible. Not very long ago gunpowder was never used ; now its 
advantages are fully felt, and Dr. Warth has fired some large blasts sepa- 
rating hundreds of maunds of the salt at once with perfect safety. 

“ From one of the smaller mines called Phurwalla, men, women, and 
children had carried full 40 lakhs of maunds of salt up a narrow steep and 
crooked drift, and from the whole Mayo mines Dr. W arth estimates the 
gross amount of salt removed at 300 lakhs of maunds ; but notwithstanding 
the length of time those mines have been extensively worked, and though 
each season adds a concentric belt to the excavated area, they show as yet 
no signs of becoming exhausted.^ 

“In order to facilitate the carriage of the salt from the mines, Dr. 
Warth’s tramway has been extended to the mouth of the gorge, and thence 
a wire-rope tramway has been constructed under the superintendence of 
Lieutenant DeWalski, to the village of Chak Nizam, on the south- 

ern bank of the Jhelum, above Pind-Dadan-Khan, and 10 miles from the 
Khewra gorge. This lias been for a few months completed, and is occa- 
sionally in working order, but difliculties have had to be contended with in 
the unusual length of the line, and the effect of the water of the country 
upon the boilers of the engines that supply the motive power. When fairly 
at work, this tramway will be an important aid in the rapid distribution of 
the salt by means of the Northern State Railway. 

“ The Sardi mines to the west (10 miles or so north-westward from 
Pind-Dadan-Khan) are smaller and less favourably situated for working, 
being sunk below the bottom of the glen instead of in a hill-side like those 
of Khewra. They were more recently opened than the latter, and were 
originally constructed on a better plan, flights of steps being cut out of 
the salt, and the roofs supported. Owing to their low situations they have 
been at times stopped by access of water, and I believe they are now alto- 
gether closed. 

“ The Yaicha (or Wurcha) mine is in the hill on the right-hand side 
of the Varcha gorge, about 30 miles west-north-west from Shahpur. The 

' For very full descriptions of the mines, modes of working, outturn, &c., Dr. Warth^s 
papers may be referred to. 
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mine is at a considerable elevation, and is large, tbough only about 20 feet 
of salt are excavated out of a bed of much greater thickness,^ the remainder 
of which is not sufficiently good for commercial purposes at the Salt-range. 
There are large remains of old Sikh workings and great natural shafts or 
vortical water-courses. The old workers here, as elsewhere, left the roof 
unsupported, and it is falling in, but in the modern mine this is provided 
against. While the salt-bed continues to dip as it at present does 20^ to 
north-west, no alteration in the mode of working (according toIDr. Warth) 
will be needed. The mine is well ventilated and clean, and has two modes 
of ingress, but no low-level water escape. 

“The Kalabagh workings are all ‘at day-light,’ in a thick group of 
salt-beds, ra^nging from 4 to 10 or even 20 feet each. They run along tho 
right side of the Lun or Gossai nala (or Drung gorge), the salt being 
found to extend from the base of the hill as high up as 200 feet, but the 
beds are not all sufficiently good to bo worked, 20 feet being the largest 
known thickness of a workable salt-bed here. All tho beds dip west at 
nearly 70"". The salt outcrop extends for some 2 miles up the glen, and 
there are fourteen working places or quarries.^ 

“ Besides those mentioned there are numbers of old mines, about which 
nothing is known, while some that have been inspected were found to pro- 
mise large supplies of salt. Several of the old mines occur in the Jutana 
and Kusak beats, four in the Makrach beat, throe in that of Malot ; eight 
in Sardi beat, four in the Nilawan ravine, three in tho lulls about Musa- 
khel, and several at Mari. 

“ The old Jutana mines were being worked when Dr. Jameson visited the 
Salt-range in 1848, and had then boon open respectively twenty, thirty, and 
thirty -five years. Tho descent into the body of tho mine was accomplished 
by steps cut in the salt, and tho workings seem to have been large, but as 
irref>*ular as usual in the Sikh excavations. The salt was removed in masses, 
two of which were a load for a camel ; also in smaller pieces with which 
to load oxen. The miners wore paid one anna per maimd for extracting the 
salt, and this was sold for a rupee jicr piMa raaund. The price of a camel, 
load was Rs. 6 to 8, and before it reached Amballa, paying hire, duty, &c., 


it cost from Rs. 8 to 20. ' 

“ The best idea that can be given of the quantity of salt produced by tho 
Salt-range mines will, perhaps, be obtained from tlie value according to 
tho subjoined abstract of the receipts for four years (taken from the report 
on the administration of the Inland Customs Department for the official 
year 1870-71, page 147). The rate at which tlie salt is sold at the mines is 
Rs. 3-1 per maund^:— 

1 Dr Warth remarks that the saltmines of Cheshire are being excavated in the same 


thickness as the Varcha bed, namely 20, feet. 

2 Dr Warth. Appendix, Inland Customs Reports, 1869«70 and 1870-71. 

3 Dr. Jameson’s lleport, Jour. As. Soc. Bengal. Vol. XXII. p. 183. 

‘ Us. 3-l=iBix sliilUngs and one and a half pence. A mauud is oiiual to 82 lbs. 
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Eecelpis from the SalU Range Mines, 


Ybabs. 

1 Names OP Miitbs. 

Total. 

Mayo. 

Sardi. 

Varoha. 

Kaiabagh. 


Bs* 

f Es. 

Rs. 

1 

Es. 


1867-68 

28,97,630 

1,91,819 

2,83,783 

2,16,189 

86,89,321 

1868-69 

29,10,338 

2,50,606 

4,16,292 

2,03,445 

37,80,581 

1869-70 

86,03,171 

, 4,26,485 

3,99,856 

1,61 >16 

44,91,458 

1870-71 

27,99,002 

4,20,686 

4,45,040 

1,99,584 

36,64,402 





Total . 

1,65,26,762 


This total (taken at par) is equal to £1,552,576, or an annual average 
amounting to the large sum of £388,144.* It appears from the same report, 
page 15, that the average amount of salt cleared from the depots during the 
above years was 12,91,148 maunds. 

‘‘ With regard to the continuity of the salt-beds, the indications, so far 
as can be judged at present, point to the occurrence of several sets of beds, 
rather than the extension of any one gi'oup, and the quantity of salt, as 
now known or exposed, probably bears only a small proportion to that 
which is concealed, or which may have been destroyed. Mines have been 
worked along the range from periods so remote that their dates cannot be 
ascertained,* and very much of the salt has been both naturally and ai ti- 
ficially removed, yet if the present outturn were increased many times, the 
supply might still bo considered inexhaustible, so far as quantity is con- 
cerned. The salt-marl appears so frequently that its continuity, for a dis- 
tance of 134 miles, more or less, can hardly be doubted, and it occupies a 
breadth which, on the same sort of evidence, may be fairly assumed at from 
4 to 5 miles, while its reappearance on the north side of the range in 
two places would indicate its underlying the mountains everywhere, with a 
breadth of from 12 to 16 miles, or it may extend to a much greater width. 

* Tliis is the average taken from the above figures ; that given by Mr. Wright, the for- 
mer local head of the Salt Department, is smaller by nearly £5,600, but he may have de- 
ducted some working expenses of the Department. 

* “ Dr. Fleming records that the mines were first worked in the reign of Akbar, and 
mention is made of them in the Ain^i-Ahbari^ but this is all the information existing upon 
the subject. The native tradition is that Akbar was informed of the existence of salt by a 
certain Asp Khan on condition of his receiving, as a reward, during his life-time, a sum 
equal to the whole of the wages of the miuem employed in digging it. Salt was sold in 
Lahore during the reign of Akbar at the rate of 6 amias per maund .’^ — Punjab Govern- 
ment Gazetteer, Jhelam District, 
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Allowing a breadth of 5 miles, this estimate gives an area of salt-bearing 
marl 670 square miles in extent, in which the salt-zones vary from nearly 
100 to 276 feet in thickness, separate beds or groups of beds of salt, where 
the size of the bands coUootively is least kaown, having thicknesses of 2U 
30 and 40 feet. 

Excepting for about 12 miles in length, at the eastern end of this azie^ 
salt is seen or known to exist within almost every mile where the marl is 
fairly exposed, so that although little or nothing is known as to the manner 
in which the salt-zones are laterally extended or terminated, the quantity 
of the mineral present must be enormous if it is considered that (a roughly- 
shaped cubic foot of salt weighing about 136 pounds) the solid contents of 
a bed of salt, only 30 feet in thickness and 1 square mile in area, would 
amount to over 60,778,614 tons. 

The detailed accounts of the mines given in publications already re- 
ferred to being very copious, it has been sought to convey here a fair gene- 
ral impression of the deposits, rather than reiterate all the details previ- 
ously published. 

“ The new facts ascertained by the latest explorations are chiefly these 

(1.) Where the workings have been most carefully surveyed the salt 
has been found in zones consisting of several distinct beds 
within distances of about 600 feet, 200 feet, and less, of the 
top of the marl and gypsum. 

(2.) That the arrangement and thickness of the beds and the quantity 
of marl and gypsum (more or loss intermixed) intervening be- 
tween the salt-zones, and between the group superior to the 
marl and the salt itself, indicate more variability tban sameness 
of the exact horizon upon which the salt is found. 

(3.) That there seems to be a larger development of so-called bad salt 
in the western than in the eastern part of the distnet (which 
bad salt would, however, in other districts be extremely valu- 
able). 

(4.) The recent and most detailed explorations by the Salt Department 
have been chiefly confined to the old workings, and other beds 
of salt have not been sought for, except at Mount Tilla, where 
none has yet been found. Without regular prospecting opera- 
tions it would be impossible to hope for information about the 
salt-rock in this or other directions, partly on account of the 
tendency which the marl has to conceal the enclosed salt; and 
whether the lower part of this ‘‘ red marl” does or does not also 
contain valuable beds of salt is quite unknown. 

“ Should it ever become necessary, the best place, perhaps, for ascertain- 
ing this would be the ground about Chambal hill (west) between the Jntna 
and Kusak beats. 
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‘‘ Thoug*!! the txjofchod of mining the salt is being improved, and arrange- 
ments for its transport by wire- tramway and rail from Khewra are in pro* 
gress, the old system of carriage still exists elsewhere, together with the 
waste this occasions. The salt is reduced to rough spherical lumps, to 
prevent the comers being rubbed off during its rough transport in open 
nettings or hair-cloth bags. So long as the merchants prefer, and can ob- 
tain, the salt in blocks, it does not seem likely that any steps will be taken 
to utilise the enormous quantity of valuable salt now wasted.'' 

Gurgaon District : Sultanptjr and Nuh, — Formerly these sources 
of salt-supply were of greater importance than they are likely to be in 
the future^ as the cost of manufacture is comparatively high, and the 
facilities for carriage to the principal markets are less than those enjoyed 
by the Sambhar salt ; at the same time the quality of the salt, especially 
that made at Nuh, is inferior.^ 

The sources of supply in this case, as in some of the adjoining 
States of Rajputana, are brine wells or suns, the water-level in which is 
from 14 to 23 feet below the surface, sometimes even 40. The brine is 
evaporated by sun heat in shallow chunam-lincd pans, which are con- 
nected with one another, and the brine is passed through the series in 
from 12 to 20 days, according to season. The chief art in the manufac- 
ture, where foreign salts are included, consists in running off the mother 
liquor from the last pan at the right moment when the salt or sodium 
chloride has crystallized out, but while the other more soluble salts are still 
in solution ; where this is not done the salt is impure, and brings a low 
price, ^ Fifteen years ago, the outturn and sale of salt from these sources 
used to exceed half a million of maunds, but the trade appears to be 
becoming extinct. 

Mandi State. — The geological age of the salt deposit in this State 
has been discussed in a previous part of this work (Part II, p. 558), 
the conjecture being that it is probably of nummulitic age, though the 
beds including it have become so disguised as to present apparent affini- 
ties rather to the older lower Himalayan rocks than to the tertiaries of 
the sub- Himalayan series. The salt is of a dark-pnrplisli hue, is opaque, 
and contains about 25 per cent, of earthy matter according to Mr. Medli- 
cott.^ Small nests of pure crystalline salt occur but rarely, and they 
are reserved for the use of the Raja and his family. The mines or 
quarries are at Drang and Guma, 14 miles apart. These mines used to 


* Kei)ort on Inland Customs Department, 1879-80, p. 12. 

Op. city 18G7-68, p. 82. A full account of this manufacture is given in Paiijab 


Pi'oducts, p. 74. 

a Mem., O. S. I., Vol. Ill, pt. 2, p. 60. 
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be worked in the most slovenly fashion, being open to the drainage and 
falling-in every year during the rains. 

Under the present existing arrangements more system has been in- 
troduced. In 1879-HO, the total quantity of salt raised amounted to 
1,80,622 maunds, of which 78,841 maunds went to British territory and 
61,781 to Native States, In future, the British Government is to re- 
ceive two-thirds of the duty on gross sales, and the Mandi darbar one- 
third.^ 

North-West Provinces. — Salt used formerly to be manufactured 
to a considerable extent in several districts of the North-west Provinces 
from saline soils, which, as they contained other salts besides sodium 
chloride, yielded an impure product, including sodium and magnesium 
sulphates, sodium carbonate, nitre, &c. In the Bulandshahr and Muzaf- 
farnagar districts, especially in the vicinity of the Jamna, this industry 
was most active. Information on the subject will be found in the papers 
quoted in the list of references (Appendix E), and especially in the North- 
West Provinces Gazetteer. A certain amount of salt from Thibet crosses 
the Himalayas, and is used in the Hill States, and to some extent in 
Kumaim and Garhwal. In 1870 the estimated imports into these dis- 
tricts amounted to 9,000 maunds; it is brought with borax and is 
obtained in the same regions. 

Assam. — I'ormerly salt used to be manufactured to some extent 
from the brine springs which often occur in association with those of 
petroleum, as has been mentioned in Chapter II. At Borhat and Sadiya, 
in Lakhimpnr, there are for instance springs which were formerly worked ; 
those at the latter in 1809 yielding 1,00,000 maunds of salt, and a revenue 
of lls. 40,000.® In Cachar the right of manufacturing salt is still leased 
out, but the revenue from this source has much decreased of late years, 
and the indigenous article has now almost given way to English and 
other salt imported from Bengal. The lease in 1875-76 only brought 
Rs. 37. In the Nowgong district, the existence of a regular salt mine 
at Jungthang has been reported, but it i^erhaps requires confirmation,^ 
In the old manufacture the vessels used for boiling down the brine were 
simply the internodes of bamboos which were pared so thin that the per- 
colation of the moisture prevented their burning. 

Chittagong. — Salt-licks and salt-springs are known to exist in 
several parts of Chittagong. Of the former the principal are at Bhan- 
gamura in the north and Mawdang Klang in the east of the Chittagong 

' Report, Inland Cnstoms Department, 1879-80, p. 10. 

Robinson's Assam, p, 33. 

* Statistical Account ot* Assam, Vols. I and 11. 
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Hill Tracts. Two salt springs flow from the Lungsliem range at lat. 
23° 28' and lat. 23° 17' and about lat. 23° 37' , under the true Sorphuel hill 
a third is reported. The Kukis manufacture salt by boiling down the 
water in conical earthen pots arranged in rows over a low flat fire-place.' 

Burma: Pegu Division.— Mr. Theobald^ has published a special 
account of the salt springs of Pegu, which are distributed at 79 different 
localities, all of which ai*e situtated in tertiary rocks, miocene and eocene. 
No salt springs are known on the western side of the Arakan range, nor 
on the eastern side of the Pegu range. Formerly there was a considerable 
manufacture of salt from the brine obtained from these sources, but of 
late years it has to a great extent ceased owing to its inability to compete 
with salt manufactured on the coast and foreign-imported salt. 

The brine used to be evaporated in iron pans or in earthen pots, the 
process being somewhat different from that in practice on the coast, where 
the ovens are of a beehive shape^ the eafthen vessels resting in holes all 
over it, but iron pans are also sometimes used on the coast. 

According to the British Burma Gazetteer this coast manufacture, 
which used to be practised from Akyab to Mergui, is being extinguished 
by the imported article, though still holding its own in Southern and 
Central Tenasserim. The duty levied is much smaller than in India. 

Upper Burma. — Even in Upper Burma, according to Major Strover,*^ 
imported salt is making its way against that produced from indigenous 
sources. Extensive salt-fields, the exact nature of which is not quite clear, 
are said to exist at Simpagah above Mandalay, and some of the hill 
people like to mix this salt with that obtained from Europe. 

Sodium Carbonate, or more properly the hydrous sodium car- 
bonate, is generally spoken of simply as carbonate of soda. It is found 
as an efllorescence in certain soils, and is deposited from the waters of 
some lakes. 

The principal uses of this salt are connected with bleaching, washing, 
dyeing, and the manufacture of soap and glass, &c. Owing to the largo 
quantities of sodium carbonate which are now manufactured from common 
salt, the natural product has fallen very much in value ; formerly it used 
to be prepared from kelp, but the other products of kelp, such as iodine, 
are now of chief importance in that industry. 

In India sodium carbonate not only occurs in certain areas in the 
soil, but it might be largely manufactured in those regions where reh 

' Statistical Account of Bengal, Vol. VT, p. 29. 

^ Rcconls, G. S. 1., Vol. VI, p, 67. 

® Indian Economist, Vol. V, p. 14. 
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effloroseenee abounds^ more especially in those where this efflorescence 
consists largely of sodium sulphate, which by calcination with kankar 
and charcoal might be changed into the carbonate; in those cases where 
sodium chloride is intermixed the addition of sulphuric acid woilld be 
necessary to get rid of the chlorine. 

The Lonar lake in Berar is the most considerable natural source of 
sodium carbonate in India. 

Madras : Salem District: Baeamahal. — In this region, according to 
Captain Campbell,^ crude carbonate of soda occurs in patches of soihresting 
upon kankar. By a very simple process of lixiviation and evaporation a 
pure carbonate, free from any sulphate or chloride, could be obtained. 

He proposed the manufacture on a large scale, as he believed that this 
product would have a better chance of competing in England than had 
some which had been prepared by the reduction of the sulphate, but 
which bad failed to meet with a profitable market. 

Glass -makers and washermen were in the habit of manufacturing 
this carbonate of soda, which supplied a considerable area all round* 

Mysore State. — Among the Chitaldrug hills carbonate of soda is 
somewhat abundant, but is much mixed with common salt. Dr. Heyne 
states that is was sold in the bazaars under the name mlhoo^ and was 
used for the same purposes as that obtained in Salem.^ 

A similar mixture of salts used to be collected in Hyderabad from 
the granitic soil.^ 

Berar : Buldana District : Lonar Lake. — There is a very abundant 
literature referring to the peculiarities of this remarkable lake, and already 
a description of it has been given in Part I, page 879 of this work, in 
which the crater-like hollow, which is more than a mile in diameter, is 
attributed to a volcanic explosion, which was, however, unaccompanied 
by any trace of eruption in the surrounding rocks. That it was not 
formed by any form of superficial aqueous denudation is certain, but 
it seems possible that in spite of the raised rim formed of loose blocks, it 
may have been formed by subsidence caused by the formation of a huge 
hollow or cave in calcareous rock underneath. Subsidences arising from 
the giving way of the roofs of such hollows under the weight of superin- 
cumbent strata are not uncommon in limestone countries, and it is not 
altogether improbable that limestone (lameta) rocks may underlie the 
basalt at this locality. 

* Trans. Bomb. Geogl, Socy., Vol, VI, p, 163 ; and Jour, As. Socy. Bengal, Vol. X, p> 
159. 

® Tracts, p. 45. 

® Walker, Dr. Madras Jour, of Lit. and Sci., Vol. XVI, p. 187. 
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In so far as the present account is concerned, the only point to be 
noted is that blocks of mixed salts are obtained by divers in certain parts of 
the lake, and that the waters of the lake, on evaporation, deposit salts, 
ainoug- which the principal is carbonate of soda; cubical crystals of common 
salt, sodium chloride, are also deposited, but in what proportion is not 
stated. The local names for these products are dalla^ which consists of a 
close collection of acicular crystals, between two compact surfaces ; kuppal^ 
a thin kind of dalla^ principally of red colour ; papadi or papri, a white 
saline froth. 

In the following table of analyses by Dr. J. B. Lyon of Bombay a 
somewhat different nomenclature is adopted: — 


Chloride of sodium . 

9-34 

12*65 

7-89 

29*30 

24*28 

8oda .... 

29*43 

29*79 

27-34 

11*49 

4*84 

Carbonic acid 

29*64 

27*54 

20-(33 

11-21 

4*04 

Water and organic matter 

28*45 

20*21 

31-95 

23*90 

23*4(1 

Insoluble residue 

3*14 

3*91 

6*19 

24*04 

42*84 


100* 

100* 

100* 

100* 

lOO 

The soda is equal to neutral 
carbonate. 

60*31 

60*93 

46*74 

19*64 

8*27 

The price of the dalla 

appears to 

vary 

from Rs, 

75 to 

Rs. 125 per 


kand/^ (= SOOlbs. ?), while the paprih worth only from Rs. 18 to 
Rs. 25, and the hhnski, Rs. 8 to Rs. 10. 

According to the native account there are two very deep portions of 
the lake, one having an area of 2 to aud the other of 1^ to 1 J acres, 
in which the brine is concentrated when the waters retreat. The divers 
do not venture into these hollows, as they believe that to do so would cause 
certain death "owing to the thick slimy mud. The statement that the 
solid crystalline dalla can only be obtained by the divers when the lake 
is full seems strange if true. Thepapri and bhuski are got in the 
hot- weather on the dried-up margins.* 

The successive annual reports of the Assigned Districts give accounts 
of the operations and financial results connected with the collection of 
these salts. In some years the profits have exceeded B.s. 20,000, but of late 
years the sale and also the outturn have fallen considerably. The sale has 
been much affected by heavy duties imposed on the imports into Hydera- 
bad, and the outturn has been reduced by heavy rainfall. Owing to an 
impression that the lake requires rest, the products have not been collected 
at all in some years. Various experiments have been made to increase 


^ Captain K, L. Mackenzie. Berar Gazetteer, p. 24. 
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the outturn by cutting off the supply of water and also by isolating 
portions of the water in pans or pits. As the salts are very probably 
brought in by the river-water, the result of cutting off the supply may 
very }X)£sibly have exactly the opposite effect to that which is desired. 

From the last of the above-mentioned reports it would seem that the 
latest selling price has not much exceeded one rupee per cwt. 

Central India : Malwa. — In the bed of the Chumbul river, where 
it traveises basaltic rocks, carbonate of soda has been found on the mar- 
gins of pools ; the first recorded discovery was by Captain John Stewart 
in 1819.1 

North-West Provinces and Oudh. — In these provinces, and also 
in Behar, the manufacture of sajji and ra.m, two varieties of carbonate 
of soda, from saline earths, is carried on under licenses, as is also that of 
saltpetre (^J^ora) and sulphate of soda (^/mri). The object of the license 
system is principally to protect the revenue, as in some of the factories a 
considerable amount of common salt, sodium chloride, is educed, and on this 
alone the duty amounts on the average to about Rs. 1,00,000 per annum. 

In Northern India and Bengal alone there are over 40,000 petty 
factories for the preparation of crude saltpetre, sulphate of soda and 
carbonate of soda. 

Sodium Sulphate. — The hydrous sodium sulphate or glauber salt 
is largely produced as an efflorescense in certain soils, and it is a common 
constituent of reh in India, the proportional percentage which it bears 
to other salts of soda varying with the localities. 

Whether produced naturally or by artificial means, its principal use is 
in the preparation of sodium carbonate. K/iariy as it is called, is now, 
however, largely used for curing hides, for which purpose it is better suited 
than common salt, owing to the tendency of the latter to absorb moisture. 
I'he Jehari of Behar is purer than that from the North-West Provinces, 
which contains a much larger proportion of sodium chloride. Patna 
khari is at present, therefore, now in large demand by tanners.^ 

It would be useless to attempt to give details as to the distribution 
of this salt — indeed complete information is not available. 

In some cases the salt-licks which are frequented by cattle yield this 
salt chiefly. Such is the case all along the outcrop of the Bamuda rocks 
at the foot of the Darjiling hills, where the licks are much resorted to 
also by elephants, rhinoceros, deer, and other wild animals,^ 

* Trane. Lit. Socy., Bombay, VoL III, p, 53. 

Administration Report, Inland Customs, 1879-80, p. 38. 

^ Mallet, F, R. Mom., G. S. L, Vol. XI, p. 90. 
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Reh : General Remarks. — 'Reh is the native term applied to efflor- 
escent salts which have accumulated in the soil and subsoil waters of 
large tracts in India, to such an extent in some places, especially in 
Northern India, that cultivation has become impossible ; in the Upper 
Punjab kallar is a common name for the same substance. As affecting 
the general prosperity and revenues of the country, the subject of how 
to mitigate or diminish the evil has naturally attracted a good deal of 
attention, and numerous reports and papers have been published which 
contain more or less trustworthy information, and more or less of prac- 
tical suggestion. 

Before stating what these salts are, it will be well to briefly describe 
their source and origin. For full information on the subject, in its 
economic aspects, reference should be made to the papers of which the 
titles are given at the end of this volume. In the first part of this 
work (vol. I, page 413), a r^sum4 of the subject has already been given, 
but in spite of the repetition necessarily involved, it is thought that in 
the present account of the economic geology it is advisable to re-state 
the leading facts again. 

Primarily the saline matters are derived from the decomposition of 
rocks, and, taking the case of Northern India, the rivers descending from 
the Himalayas carry down in solution proportions of salt which vary 
with the character of the strata traversed. The salts so carried in solu- 
tion consist principally of calcium and magnesium carbonates and sodium 
sulphate and chloride. In addition of course the alluvium or silt which 
is brought down, consisting of finely comminuted minerals, includes 
materials which, on decomposition, are capable of supplying bases for 
the ultimate formation of the same salts under suitable conditions. 

In a region of intense evaporation, and where tliere is not a free 
drainage outlet of water, these salts, by long-continued concentration, 
accumulate in the soil or in the subsoil waters, and over and above this 
rain-water charged with carbonic acid, falling on a porous soil, has the 
effect of decomposing its mineral constituents, and of carrying down the 
salts so formed in solution either to the region of subsoil water, or else for 
only a few inches or feet below the surface. When the surface of the 
ground again becomes dry, this saline water rises by capillary attraction 
and evaporates, and a salt efflorescence remains, which at length so per- 
meates the superficial layer of soil that cultivation becomes impossible. 
With free underground drainage, which would admit of the rain passing 
through and washing the soil, this would not occur, especially where the 
surface was well protected from evaporation by vegetation. 

Irrigation by canal water, when not accompanied by deep drainage. 
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has had the efPect of increasing the amount of reh deposit, and large 
•tracts have been in consequence thrown out of cultivation. The indirect 
action which has produced this result has been fully explained by 
Mr. Medlicott. ^ In this case, the direct increase in the amount of saline 
matter is inconsiderable owing to the comparative purity of the canal 
water ; but the so-called table of subsoil saline water has, by the addition 
of irrigation water, without an increase in the drainage, had its level 
raised to an extent which has rendered capillary attraction operative, and 
so these saline waters, which were previously to a great extent innocuous, 
have been brought into injurious contiguity with the superficial layers 
of soil. Thus is explained the apparently paradoxical fact that irrigation, 
by comparatively pure canal water, has been followed by an increase of 
salts in the superficial soils. 

A very exhaustive paper on the subject of reh by Br. Center'^ gives an 
interesting account of the methods which are adopted by farmers in the 
salt-lake region in America to cure lands which are similarly affected 
as are the sterile tracts of India. Among these, thorough washing 
of the superficial soil, and the removal of the salt by solution, heavy 
manuring, and protection of the surface from evaporation, have been 
tried with good results, and sterile land has been brought under 
cultivation. 

The uses to which reh may be put have been enumerated by 
Dr. Center. Sodium sulphate for medicinal purposes can be easily obtained 
from it, and where it is abundant it might be used to manufacture into 
the carbonate for glass or soap manufacture. The natural average 
mixture of sodium sulphate and sodium chloride is similar to that pro- 
duced by the manufacturers of sodium carbonate, who add sulphuric acid 
to common salt. By evaporation a salt cake of sodium sulphate might be 
obtained free from sodium chloride, and with the aid of charcoal and 
kankar the rest of the process might be performed. Sodium carbonate 
itself, as already stated, occurs in some abundance in certain of these 
soils. In former times an impure salt for commestible purposes was 
largely manufactured from the reh, but it was naturally very much 
mixed. 

It has been proposed by Dr. Brown to cure the soil by the application 
of lime nitrate, which may easily be obtained by mixing pounded kankar 
with manure ; by double decomposition, it would produce alkaline nitrate 
and calcium sulphate, the sodium carbonate would also be neutralised ; 
but the sodium chloride would remain unaltered. 

> Selections from Records, Ooveniincnt of India, No. XLII, p. 32 (1864). 

* Records, G. S. I., Vol. XIII, p. 253. 

G 1 
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Borax : General Remarks. — Borax or the hydrous sodium bi-borate 
occurs naturally in white transparent oblique rhombic prisms, which belong^ 
to the monoclinic system. It occurs as an exudation on the surface of 
saline soils, and often in connection with salt lakes. It was first taken 
to Europe from Thibet, and it carried with it the name tinkalj which 
name it still retains to some extent. According to General Cun- 
ningham, the Thibetan name is ishale. It is now obtained largely 
in California and Nevada, and is also manufactui’ed in the lagoons of 
Tuscany by the reaction of boracic acid on sodium carbonate. The pure 
acid is obtained in a ciystalline form by passing the vapours given out 
by numerous fumeroles through leaden tanks full of water, which is 
evaporated by the heat of the vapours themselves. 

Borax is employed in the manufacture of artificial gems and fine 
glass; in enamelling and soldering; as a flux in metallurgical and blow- 
pipe operations, and as an ingredient in certain varnishes, toilet soaps, 
and cosmetics ; it is largely used by workers in metals in India, also as a 
constituent of varnishes and as a medicine. 

Within the limits of British India, there is no known source of 
borax, the supply being all imported from Kashmir or Thibet. 

Kattywar. — In the year 1787, Dr. Hove, a Polish savant, was em- 
])loycd by the ministry of tlie day to travel in and report up>on the 
cotton districts of India. At a place called Serapur, near Limri, he heard 
of the manufacture of a crude borax from an earth which was obtained 
at some locality four days^ journey off. It was fused on copper pans 
being protected from the air, and when molten conveyed into a vessel of 
water. It was exported to Surat and Bombay. There does not appear 
to be any recent information regarding this source. 

Kashmir .* Puga. — Borax is obtained in the Puga valley, where it owes 
its existence to numerous hot springs, some of which have a temperature 
very nearly equal to the local boiling point of water, namely, 178^F. It 
is found precipitated with common salt on the banks of the streams 
forming a white crust. This is collected and purified by solution. The 
average export was in 1863, according to Dr, Stoliczka,^ 4,000 maunds ; 
but it is not stated what maunds ; the local maund or sheep-load in Ladak 
is only equal to 16 seers. The trade is not now of much importance. 
About 30 years ago M. Marcadieu^ was deputed, at the instance of some 
masters of potteries in England, to report upon the possibility of increas- 
ing the trade, but it would seem that they subsequently withdrew from 


' Mem., G. S. I., Vol. V, p. 131. 

* Selections from Pub, Corresp., Punjab, 1855, Vol. II, 12. 
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embarking their money in so remote and inaccessible a locality,^ Crude 
borax is stated by Mr. Calvert* to reach Knlu in some quantity from 
Spiti and Lahul^.more probably it comes from Puga, and to be sold at the 
rate of Rs. 6 for 80 lbs. It is refined at the bazaar at Sultanpur before 
being despatched to India, 

Thibet. — The following information on the subject of Thibetan 
borax is from a paper by Mr. E. T. Atkinson : ^ The borax and salt 
fields of Gnari or Hundes lie to the north of Bongbwa Tal across moun- 
tains that round the north-east side of the valley of the Shajan river 
parallel to the Gangri range, and in the eastern part of the Zjang of 
Rohtoh (Rudukh), and at the Chapakahi lake. The two salts are ob- 
tained from different spots in the same vicinity, and are both worked 
in the same way by lixiviation from the earth taken from the surface 
of the ground in which the salts are developed by natural efllorescence. 
These salt-fields are open to all who choose to adventure their labour in 
them on payment of one-tenth of the produce to the Lhassa Govern- 
ment, who have an excise establishment on the spot. The borax is 
collected from June to September and sold at the different fairs, at Ganpa, 
Gartoh, Sibilam, Chajna, Taklakhar, Dabakhar. It is brought down 
by the Bhotiya traders and purchased by the merchants of Ramnagar, 
where it is refined. The process is as follows. The borax is pounded 
and placed in shallow tubes and then covered with water to the extent 
of a few inches ; to this is added a solution of about two pounds of 
lime dissolved in two parts of water, for every ten maunds (820 pounds) 
of borax, and the whole mass is well stirred every six hours. Next day 
it is drained on sieves or cloth, and after this is again dissolved in 2^ 
times its weight of boiling water, and about 16 pounds of lime added 
for the above quantity. It is then filtered, evaporation takes place, and 
subsequently it is crystallized in funnel-shaped vessels, usually of kansa, 
an alloy of copper and zinc or lead. The loss in weight is about 20 per 
cent/^ 

Saltpetre or Potassium Nitrate : General Remarks.— For a 

long period the world was dependent for its supply of saltpetre on super- 
ficial deposits, the result of a contemporaneous chemical reaction by 
which the constituents of the mineral were brought into combination 
with one another. At present there are other sources of supply, such as 


^ Selections from Records, Goveniraont of India, Vol. VI, p. 191 ; and Vol. XIV, p. 38. 
* Kuln, p. 92. 

3 Economic Mineralogy of the Hill Districts, N, VV. P., p, 33. 
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the natural deposits of potassium sulphate, which have been found in 
several localities in association withjrock salt. 

India at one time enjoyed almost a monopoly of the trade, and the 
supply of Europe was nearly all manufactured in this country. This is 
ex])]ainable by the habits of the people, and the climate which is in 
some parts of the country very dry for several months after long-con- 
tinued rain. In the soil of Indian village sites ammoniacal and other 
nitrogenous waste lies in contact with wood-ash containing potash and 
possibly also some potash derived from the decomposition of felspar. 
As oxidation of the nitrogen results in the formation of free nitric acid, 
combination with the alkaline base follows, and tlie soil becomes impreg- 
nated with saltpetre. By collection of this soil, lixiviation, evaporation, 
and a simple process of refining which educes other salts, especially the 
sodium chloride, pure or nearly pure saltpetre is produced. In some 
cases the collected soil is spread out and exposed to the weather for twelve 
months or more before being subjected to lixiviation. 

Formerly the East India Company had a monopoly of the manufac- 
iure, which passed subsequently into the hands of Europeans, and finally, 
on the decline of the trade, into the hands of natives. More than two- 
thirds of the total quantity of saltpetre which is exported from Calcutta 
at present, comes from the districts of Tirhut, Saran and Champaran, in 
Behar. 

The districts of Cawnpur, Ghazipur, Allahabad, and Benares contri- 
bute to the supply, as also do some parts of the Punjab. 

The following table shows the present condition of the trade * 



Cwt. 

£. 

£. 

8. 

d. 

1876-77 

. 466,218 

381,706 

0 

16 


1877-78 

. 391,373 

264,392 

0 

13 

0 

1878-79 

. 349,934 

301,818 

0 

17 

3 

1879-80 

. 463,110 

431,814 

0 

18 

7f 


For the year 1868, and for some years previously, the manufacture of 
saltpetre in the Madura district in Madras was a monopoly in the hands 
of a European firm, who were under contract to supply the Government 
with a fixed amount annually. The excess had been exported to England, 
but latterly this was discontinued in consequence of the prices not being 
remunerative.® 

Saltpetre is or was an untaxed industry in the Nellore district. It 
appears to offer no features of particular interest. The estimated possi- 

* Report on Administration of Inland Customs, 1879-80, p. 37. 

^ Madura District Manual, p. 25. 
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ble outturn is 556 maunds^ and the selling price was in 1873 Re. 3 for 
single refined, and for double refined Bs. 4 a maund, ^ Saltpetre \^as also 
manufactured in many other parts of Madras. 

There is so much sameness in the mode of occurrence and manufac- 
ture of saltpetre all over the country that it would be tiresome and use- 
less to give details in addition to those above quoted under the above 
general remarks. Most of the local Gazetteers contain abstracts of in- 
formation on the subject. Formerly, in the Ahmedabad district in 
Bombay, there used to be a considerable manufacture, but it is now almost 
extinct, and Behar saltpetre finds its way all over India. In Upper Burma 
there appears to be a large manufacture and the price realised is high.^ 
The references in the Appendix will show where further information on 
this subject may be obtained. 

Potassium Chloride : General Remarks. — In Chapter X it has 
already been recorded that Dr. TV arth discovered in the Mayo salt mines 
a lenticular band, consisting partly of magnesium sulphate or kieserite, 
and partly of potassium chloride or sylvinc. Altogether only a few 
maunds of the combined minerals were obtained, and up to the present 
there has been no further similar discovery.^ 

The following analyses were made Mr. Tween : — 

No. 1. No. 2 . 

Colourless Salt. Pink*colourcd Salt, 


Potassium chloride 



, 

3-8 

61*43 

Sodium „ 

. 




29-32 

Magnesium sulphate . 




68-02 

7-78 

Potassium „ 




38- 


Water 

• 



•62 

2-1 





100-44 

100-63 


from which it would seem that there are two very distinct mixtures of 
salts having little in common. 

> Nell ore District Manual, p. 67. 

* Indian Economist, Vol. V, p. 14. 

» Mom., G. S. I., Vol. XIV, p. 80; and Records, G. S. I., Vol. VII p. 64. 
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CUAPTEH XIII. 

SILICA. 

Rock Crystal— General Remarks — Madras — Tanjore — Godavari — Hyderabad — Central 
Frovincos — Sambalpiir — Punjab — Gurgaon — Bannu — Mari — Burma. Carnelian, 
Agate, Onyx, Jasper, &c. — Gencml Remarks — Bengal — Rajmabal Hills— Cliutia 
Nag])ur — Central Provinces — Chanda — Bombay — Rewa Kantha. Flint — General Re- 
marks — Madras — Trichinopoli — Bombay — Dharwar — Afghanistan — Punjab — Bannu. 
Materials poe Glass MANrPACTtJEE — General Remarks, 

Rock Crystal: General Remarks. — It is perhaps scarcely necessary 
to say very much upon the subject of this well-known mineral ; when 
jmre it consists simply of silicic acid. The differently coloured varieties 
wliich owe their tints to the presence of small quantities of foreign 
minerals are called amethyst^ rose quartz, false topaz or citrine, smoky 
quartz, milky quartz, prase, and aventurine quartz. 

The range in time of the sources from which rock crystal is obtained 
is very considerable, but in the older acidic crystalline rocks it is most 
abundant, being found, however, also in basic traps and basalts and to 
some extent in sedimentary formations. 

The following account of the distribution of quartz crystals in India 
is far from exhaustive, as only the principal localities of which there are 
published accounts are mentioned. 

Madras ; Tanjore District : Vellum, Lat. Long. 79® 12, — 

The lapidaries at Vellum have established a reputation for being skilled 
workers in different varieties of rock crystal, such as the ordinary pellucid 
quartz, smoky quartz, cairngorum and amethyst. These are, with the 
exception of the last, which is brought from Kangiam in Coimbatore, are 
all derived from the Cuddalur (tertiary) conglomerates, which are made 
up of the debris of metamorphic rocks. 

The ornaments which are made consist chiefly of brooch stones cut in 
tlie brilliant, rose, and other patterns, but watch-glasses and double con- 
vex spectacle lenses are also made.* 

Godavari District. — According to Captain Campbell ^ very large 
prisms of rock crystal used to be obtained in the bed of the Godavari to 


' Mem., G. S. I., Vol. IV, pp. 217 and 370. 
^ Cal. Jour. Nat. Hist., Vol, II, p. 282. 
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the west of Rajahmahendri ; one which he saw was 5 inches in dia- 
meter. 

Hyderabad State. — Pellucid rock ciystal, rose quartz, and ame- 
thyst occur in ahundance in the quartz reefs in many parts of Hydera- 
bad, and, according to Dr. Walker, they used to be cut into beads and 
stones for rings, the value being about the same as that of the garnet. 

Central Provinces : Sambalpur District. — Bijkomar, Lat. 30® 
40' ; Long. 83° 31'. — At this locality and others in the same region, fine 
quartz crystals, both the smoke and pellucid varieties, arc obtainable, 
and good samples are now in the Geological Museum, but there is no 
attempt to work these crystals, and they have no local value. » 

Punjab: Gurgaon District : Aueangpur, Lat. 28'' 27' 30"; Long, 
IV 10'. — At this locality, which is 15 miles south of Delhi, there are 
small pits which Mr. Racket” states were for the purpose of extracting 
quart z crystals from veins of quartz in the Arval i quartzites. These pits 
are now abandoned, but small rejected crystals arc scattered over the 
surface in great abundance. 

Whether this was the source whence the material was obtained from 
which the marvellous Delhi rock crystal ornaments were made is not 
known. At the loot of the Delhi palace a number of vases, pitchers , 
drinking vessels, &c., sculptured out of transparent quai*tz crystal, were 
obtained, and a series of them, purchased by Mr. W. Theobald, was pre- 
sented to the Geological Museum. 

Bannu and Mari, &c. — ^As has been mentioned in the description 
of the gypsum deposits of this province, small bi-pyramidally terminated 
prisms of quartz, which commonly go by the name of Mari diamonds, 
are obtained in the gypsum at Kalabagh, Sardih, and Mari. They are 
collected by the natives, bored and threaded for chains. In Kulu, accord- 
ing to Mr. J. Calvert, good-sized quartz crystals have been found on the 
north side of the Kanor Khud opposite the silver mine. 

Burma.— -The Reverend F. Mason states that small crystals of quartz 
are abundant in Burma, and large masses of rock crystal are some- 
times brought from the Siamese frontier. Many of the so-called rubies 
and other precious stones offered for sale by the Shans are said to be 
quartz which has been coloured by treatment in various solutions, 

Oamelian, Agate, Onyx, Jasper, &c. : General Remarks.—Iu 

the above heading jasper is included as uiatter of convenience, being 
rather a rock of undefined composition than a mineral species. Car- 

1 Records, G. S. 1., Vol. X, p. 183, 

Idem, VoL XIU, p. 250. 
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nelian, agate, and onyx, with several other varieties, belong to the chal- 
cedonic group of massive, non-crystalline forms of translucent silica. 
The chief original sources of these varieties are the enormous flows of 
Deccan trap which cover over such a large area of India. In trap rocks 
of other ages, too, they are found in some abundance. 

Though none of these exactly come under the denomination of preci- 
ous stones, still, when wrought into ornamental objects, they have some- 
times commanded very high prices. In the arts of cutting and polishing 
them the lapidaries of India have long been renowned, — for so long indeed 
that some of the very earliest allusions to the country are connected with 
this particular art. It is probable that the polished and cut pebbles of 
India have been spread over the world to an extent of which few people 
conscious. It is said that the pebbles which the tourist or visitor is 
induced to buy at many well-known seaside and other resorts in Europe, 
as mementos of the place, have not only been originally produced but 
have been cut and polished in India. If it be so, the trade is a more 
creditable one than that which sends sham jewels to Ceylon, because the 
stones are really what they pretend to be, true pebbles, and they are often 
extremely beautiful objects. It has sometimes been thought that in the 
name brooch the source of the pebbles which were first employed for the 
purpose is recorded, but the derivation is said to be from the French 
hroche, a spit or skewer. Prom Barygaza, the modern Broach, the famous 
onyx and murrhine cups of the early Greeks and Romans were obtained, 
it is believed. 

Nero is said to have paid 300 talents or £55,125 for one of the small 
cups made of the murrhine or carnelian (?), which was probably not very 
different in any respect from those to be obtained in Bombay at the 
present day. According to Professor Muller,* however, 600 writers have 
emulated with one another in attempting to decide what the murrha of 
the ancients really was, and his judicial decision is that it was fluor spar. 
But if obtained at Ouzein, the modem Oujein, it is extremely improbable 
that it was other than one of the chalcedonic minerals. In none of the 
accounts is fluor spar mentioned as one of the stones which is worked in 
Western India, and it has been shown in Chapter XI that the occurrence 
of the mineral in India is very rare, there being no known locality where 
more than mere traces of it are found. In Chapter I it has already been 
suggested that the so-called copper-coloured diamonds of early Sanscrit 
authors were really carnelians. A Roman traveller in 1503, named Lewes 
Uertomenes, speaks of the diamond however, as well as onyx and carnelian 


* Commerce and Navigation of the Erytbican Sea. J. W. McCrindle, p. 36. 



Economic Geology.] 


CHUTTA NAGPUR. 


505 


being obtained in this region. The Panassa of Ptolomey, which has been 
supposed by some writers to have been Panna, was possibly Ponassa, in 
the Narbada valley. 

It may be added that in the habit which has grown up of writing this 
word cornelian the original derivation has become lost and obscured ; the 
word is from carnis, flesh, in allusion to the colour. 

Hyderabad : Paitiian, Lat. 19° 29'; Long. 75° 28'. — According to 
the author of the Periplus, Plithana was one of the localities from whence 
agate and onyx were obtained for the factories at Broach. It is believed 
that Plithana may safely be identified with Paithan, or, as it is sometimes 
written on old maps, Peyton, on the Godavari. 

In this neighbourhood there are ossiferous gravels in which not only 
have bones of mammals been discovered, but an agate flake, believed to 
be of human manufacture, was found there in situ by Mr. Wynne.' 

The pebbles in these gravels are chiefly of agate, and it was noticed 
by Mr. W. T. Blanford^ that many of them have a peculiar dark, semi- 
transparent look resembling flint, and are different in this respect from 
those found in the neighbouring trap. 

There are many other localities in the trappean region of Hyderabad 
where agates occur and have been worked. Newbold ^ gives a very full 
list of these localities and the varieties of pebbles which occur at them 
respectively. He particularly mentions the beds of the Kistna, Godavari 
and Bhima rivers and the plain at Bijapur. 

Bengal ; Rajmahal Hills. — Geodes of quartz crystals and masses 
of agate are found in some abundance weathered out of the trap of lias- 
sic age, which occurs in these hills, but the natives appear to be wholly 
indifferent to the fact, and there do not appear to have ever been any 
lapidaries in the neighbourhood to work the stones up into saleable arti- 
cles. Very handsome masses of these minerals, of large size and suit- 
able for the ornamentation of pleasure-grounds, rockeries, &c., are to be 
obtained for the trouble of carriage in the neighbourhood of Barhait, &c., 
in the centre of the hills. 

Ohutia Nagpur. — The submetamorphic or transition rocks of the 
southern districts of this province often include banded jaspers of some 
beauty ; fragments of these two occur as pebbles in several of the streams 
in Singhbhum and the Native States further south. 

In the Palamow sub-division, the bed of the Sone has long been famed, 
being mentioned in the ^ Ain-i- AkbarP for yielding pebbles (Saligram). 

* Records, G. S. I., Vol. I, p. 66. 

2 Idem, p. 61. 

3 Jour. Roy. As. Socy., XX., p. 37. 
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These are only oecasionally collected as curiosities at the present day. 
Some of the pebbles, especially those of agate, have probably been derived 
from far-distant trappean sources; others may have come from the tran- 
sition rocks. 

Central Provinces : Jabalpur District. — Although agate pebbles 
are known to be very abundant in the debris from the trappean rocks, and, 
it is believed, afford one source from whence the lapidaries of Jabalpur 
obtain material for their ornamental stonework, which is remarkably 
cheap and often very beautiful, still there does not appear to have been 
very much published on the subject. Some of the stones from the Rat- 
anpur mines, which are described on a subsequent page, are said to be 
taken to Jabalpur to be cut, while the true or Sulemani onyx goes to 
Cambay from Jabalpur. It would be interesting to know from whence 
the aventurine quartz comes which is sometimes to be seen for sale. The 
imitation of this stone, now made in Venice, is so good that it requires 
an expert to distinguish the true from the false. 

Chanda District : Ballapuu, Lat. 29° 41'; Long. 79° 24'. — This 
place, which is 6 miles south of Chanda and is on the left bank of the 
Wardha, was an early capital of the Gond kings. According to the ^Ain-i- 
Akbari'’ ^ it was at one time famous for producing agate pebbles. 

Bombay : Rewa Kantha District : Ratanpijii. — This jJace, which 
is situated in the territories of the Raja of Rajpipla, has for upwards of 
2,000 years been one of the principal adjacent sources from whence the 
lapidaries of Cambay and Broach have drawn the raw materials from 
which they manufactured ornamental articles of agate, carnelian, &c. 
But besides it there were, as will be seen, many other localities at more 
distant points which contributed special varieties. 

Although agate, carnelian, and jasper may be picked up in the rivers 
adjoining the trap area, and are to some extent collected, the stones which 
are most highly esteemed are all obtained, according to Mr. W. T. Blan- 
ford,*^ in a thin stratum of ferruginous tertiary gravel, which consists 
almost entirely of agates derived from the trap. This preference is 
probably due to the presence of the iron, which gives to the stones the 
colouring matter which determines their value. 

The following account of the mining and working up of the stones is 
taken from the Bombay Gazetteer verbatim^ as it contains the most com- 
plete account, and it would be hardly fair to the author, Mr. J. M. 
Campbell, to give a mere abstract of it : — 


’ Olatlwin’R Editions, Vol. II, p. 58. 
2 Mom., 0. S. 1., Vol. VI, p. 881. 
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The mine shafts are about 4 feet in diameter, and on an average 
about 30 feet deep. At the foot of each shaft, galleries 5 feet high 
and 4 feet wide branch off on all sides. These passages, seldom more 
than 100 yards long, in many cases join the galleries of other mines, 
Every mine has a band of thirteen men, each with a small iron pickaxe, 
a few bamboo baskets and a rope. They work in turns, and before he is 
relieved each man must fill a certain number of baskets. The basket is 
drawn up by a rude roller or pully supported by four uprights. At the 
mine mouth the stones are chipped, and the likely ones carried to Ratanpur, 
the village of gems, and there made over to the contractor or his agent. 
The average outturn of two men, working from eight to ten hours, is from 
ten to forty pounds weight of stones. 

“ The contractor divides the stones into two classes, those which should 
and those which should not be baked. Three stones are left unbaked : an 
onyx called 'mora or hawa gliori, the cats’-eye called cliesliavidar or dola^ and 
a yellow half-clear pebble called rori or lascmia. Of these the mora or 
hawa gliori onyx ^ is of two kinds, one dark with white veins, the other 
greyish-white with dark veins. These stones are found in different shapes, 
and are seldom more than one pound in weight. Except these three varieties, 
all Ratanpur pebbles are baked to bring out their colours. During the hot 
season, generally in March and April, the stones are spread in the sun in 
an open field. Then in May a trench, 2 feet deep by 3 wide, is dug 
round the field. The pebbles are gathered into earthen pots, which, with 
their mouths downwards and a hole broken in their bottoms, are set in a 
row in the trench. Round the pots goat and cowdung cakes are piled, and 
the whole is kept burning from sunset to sunrise. Then the pots are taken 
out, the stones examined, and the good ones stowed in bags. About tho 
end of May the bags afe carted to the Narbada and floated to Broach. 
Here they are ship]ied in large vessels for Cambay, and are offered for sale 
to the carnelian dealers. The right of working the Rajpipla mines is every 
year put up to auction. It would of late seem to have become more valu- 
able, as the average for the last four years (1873-76) has been £323, 
(Rs. 3,230), compared with £189 (Rs. 1,890) in the twenty previous years. 
The contractors are generally Baroda and Cambay merchants, Vanias and 
Bolioras by caste. 

“ By exposure to sun and fire, among browns tbe light shades brigliten 
into white, and the darker deepen into chesnut. Of yellows, maize gains 
a rosy tint, orange is intensified into red, and an intermediate shade of 
yellow becomes pinkish -purple. Pebbles in which cloudy browns and 
yellows were at first mixed are now marked by clear bands of white and 
red. The hue of tho red carnelian varies from the palest flesh to tho 
deepest blood-red. The best are a deep clear and even red, free from 
cracks, flaws, or veins. The larger and thicker the stone, the more it is 
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esteemed. White carnelians are scarce. When large, thick, even-coloured, 
and free from flaws they are valuable. Yellow and variegah d stones are 
worth Utile. 

^‘Four agates, the common, the moss, the Kapadvanj, and the veined, 
rank next to the B-ajpipla carnelians. The common agate is of two kinds, 
a white half-clear stone called dola or clieshamdar, and a cloudy or streaked 
stone called jamo. The colour varies, but is generally a gi’oyish- white. 
Both kinds come from north-east Kattywar near Mahedpur in Morvi, 
3 miles from Tankara. Of the stones, which lie in massive blocks near 
the surface, the most perfect do not exceed five pounds in weight, while 
those of inferior quality, in many cases cracked, weigh as much as sixty 
pounds. These stones are brought to the Cambay dealers by merchants, 
who, paying a royalty to the Morvi chief, hire labourers, generally Kolis, 
to gather them. When worked up, the common agate is a greyish- white, 
and being hard, brittle, and massive, it takes a high polish. 

“ Like the common agate, the moss agate, stoahJiaji, comes from Bud- 
Kotra, 3 miles from Tankara in Morvi. Found in the plain about 2 
feet under the surface in massive layers often cracked, and from half a 
pound to forty pounds in weight, they are gathered in the same way as the 
common agate. When worked up, they take a fine polish, showing, on a 
base of crystal, sometimes clear, sometimes clouded, tracings as of dark- 
green or red-brown moss. 

Besides from the town of Kapadvanj in Kaira, where, as its name 
shows, the Kapadvanj agate is chiefly found, this stone is brought from 
the bed of the river Majam, between the villages of Amliyara and Mandva, 
about 15 miles from Kapadvanj. It is found on the banks and in the 
beds of rivers, in round kidney and almond-shaped balls from half a pound 
to ten pounds in weight. Picked up by Bhils, they are sold to a Mandva 
Bohora, who disposes of them to the Cambay stone -merchants at from 6^. 
to 24^?. for forty pounds (Rs. 3-12 a mamid). When worked up the 
Kapadvanj agate takes a high polisn. It varies much in colour and pat- 
tern. In some cases they are variegated ; in others they have forms of 
finely-marked plans grouped into landscape and other views. The trade 
names of the chief varieties are Icliaiyu, agiyu^ and ratadiyu. 

The most valued Cambay agate, the veined agate, doradar, comes 
from Ranpur in Ahmedabad. Found near the surface in pebbles of vari- 
ous shapes, not more than half a pound in weight, they are gathered in the 
same way as moss agates, and when worked up take a high polish, show- 
ing either a dark ground with white streaks, or dark veins on a light back- 
ground. 

** Of other Cambay stones the chief are the jasper or bloodstone, the 
chocolate stone, a variegated pebble known as rnaimariani) crystal, the 
lapis-lazuli or azure stone, the obsidian or jet, and the blue-stone, piroja. 



Tlie rough stone generally passes through three processes, sawing, 
chiselling, and polishing. When a stone is to be sawn it is brought to a 
strong frame of two wooden uprights, joined at the foot by a cross-board, 
and at the top by a strong rope doubled and tightened by a stick. The 
stone is then laid on the cross -board, and fixed firmly to it by a cement of 
coarse bees'- wax and cloth fibres. The saw, a slight toothless iron plate in 
a light wooden frame, is then brought up, and, according to the size of the 
stone, is worked by one or two men. To smooth its freshly-cut faces, a 
mixture of ground emery, fine sand, and water, is kept dropping into the 
cleft in which the saw works. To chisel it into shape the stone is taken 
to a slanting iron spike, hhondia, driven into the ground till only the head 
is left above the surface. Laying against the edge of this spike the part 
of the stone to be broken off, the workman strikes with a hom-headed 
hammer till all roughness has been removed. The article is now handed 
over to the polisher. He takes it to a platform IG inches long by 6 
broad and 3 thick. In this platform are two strong uprights, and between 
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the uprights a wooden roller, 8 inches long and 3 in diameter, fastened 
into a head at one end. This roller works on an iron spindle or axle. 
On the one end, the axle is screwed and fitted with a nut to which certain 
plates or discs can be made fast. These grinding or polishing plates are 
made of emery mixed with seed lac. The emery, Icaranj, of greyish- 
black, is carefully powdered and glistening. The preparation of emery 
varies in fineness according to the nature of the work. For rough work 
the proportion is three parts of ground emery to one of lac ; for medium 
work the proportion is two and a half pounds of finely powdered emery to 
one of lac ; and, for the finest work, lac and camelian dust, vari, are 
used in equal quantities. Besides the composition plates a copper disc is 
occasionally used for polishing very hard stone, such as Ceylon cats’-eyes 
and other precious stones, and for the softer sort of pebbles, a plate of 
teak or other close-grained wood is used. Fastening in its place on the 
roller the disc best suited to the stone to be polished, the workman, squatting 
on his hams, steadies the machine with his foot. A bow, with its string 
passed round the wooden roller, is held in his right hand, and by moving 
the bow backwards and forwards, the roller and with it the polishing plate 
is whirled round, while the article to be polished is held in the workman’s 
left hand, and as it revolves is pressed against the outer face of the 
polishing disc. 

Besides these three regular processes, certain articles require special 
treatment. After beads have been chiselled into shape, to smooth their 
surface, a number are fixed in a pair of wooden or bamboo clamps, and 
rubbed on a coarse and hard smoothing stone called dholia> Next they 
are grasped in a grooved clamp, and rubbed along a wooden polishing 
board called potitnar. The surface of this board is cut into grooves, and 
roughened by a composition of emery and seed lac. To give beads their 
final brilliancy, from one to several thousands of them, are, along with 
emery dust and fine carnelian powder, thrown into a strong leather bag, 
about 2 feet long and from 10 to 12 inches across. The mouth of the 
bag is tied, and a flat leather thong is passed round its centre. Seated 
at opposite ends of a room, two men, each holding one end of this leather 
thong, drag the bag backwards and forwards. This rolling lasts from ten 
to fifteen days, and during the whole time the bag is kept moistened with 
water. When the polishing is complete, the beads are handed over to 
have holes bored. This is done by a diamond -tipped steel drill, and as 
the drill works water is dropped into the hole through a thin narrow reed 
or metal tube. Cut beads are polished on the wheel as well as rubbed on 
the smoothing stone, and knife-handles are prepared in the same way as 
cut beads. In making cups, saucers, and other hollow articles, the. outside 
is first chiselled into shape and ground on the smoothing stone. To hollow 
the inside, the diamond-tipped drill is worked to the depth of the fourth 
of an inch all over the space, till the surface is honeycombed with 
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drill holes. The prominent places round these holes are then chipped 
away till a hollow of the desired depth has been formed. The inside is 
then polished on a convex mould, of the same composition as the polishing 
plates, and like them fastened to the polishing wheel. Miniature cannons 
are bored by diamond-tipped drills. A small headed di*ill is first worked, 
and then the number of diamonds on the head is gradually increased from 
two to a circle of twelve. Flat ornaments, such as paper-cutters, paper- 
weights and ornamental slabs, are cut into layers of the required thickness 
by the toothless saw. 

“ Cambay agate ornaments belong to three classes : those suited for the 
Chinese, the Arab, and the European markets. ^ For the Chinese market, 
camelian ornaments only are in demand. Of these there are two kinds, 
flat stones named muglaigul^ and beads called dol. The flat stones, oval, 
square, and like watch seals, are worn in China as armlets and dress orna- 
ments. Plain polished round beads are made into necklaces of fifty stones 
each. For the Arab markets, the stones most in demand are Ranpur 
agates, Ratanpur camelians, cats ’-eyes, and bloodstone.'-^ These are 
wrought into both plain and ornamental ring stones, necklaces, wristlets, 
and armlets. Of necklaces there are those made of cut beads, peludar dol ; 
of diamond-cut beads, gokhendar dol ; of almond-shaped beads, hadwnii dol ; 
and of spearhead-shaped beads, chamleali doL Again, there are necklaces 
of three stones called m^adalla or tavit^ and of plain round beads used as 
rosaries as well as necklaces.^ Of armlets and wristlets there are those of 
two stones, mota madalia, worn either on the arm or wrist ; wristlets of 
seven round flat stones, patia ; wristlets of seveml flat stones, ponchi ; 
armlets of one stone cut into different fanciful devices, haju ; and single 
stones in the shape of large flat seals, uimgol. Rings, anguthif and stones 
for setting as rings, nagina, are also made of camelian and cats’-eyes. For 
the European markets, the ornaments most in demand are models of can- 
non with, carriage and trappings, slabs for boxes or square tables, cups and 
saucers, chessman, flower- vases, pen-racks, card and letter racks, watch- 
stands, inkstands, knife-handles, rulers, paper-cutters, penholders, neck- 
laces, bracelets, brooches, paper-weights, crochet needles, silk winders, 
marbles, brace and shirt studs, seals, and rough stones polished on one side. 
Within the last thirty years (1851), part of the trade with Arabia lay 
through Veraval in South-west Kattywar. At present (1878), except a very 
small supply for the Sind and Kabul mai’kets taken by the horse-dealers 
and other Afghans who visit Cambay, the whole produce is bought by 

* In 1787, scahshaped stones went to Eui*ope and Arabia, pearl-shaped stones as big 
as a pistol ball to China, and octagons to the Guinea Coast and Mozambique. Hove*s 
Towes ; Bombay Government Selections, XVI, 49. 

2 Jet ornaments were formerly (1851) exported to Arabia; of late years the trade has 
ceased. 

The demand for necklaces of oblong flat beads, Jcatli, is said to have ceased. 
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Bombay merchants, chiefly of the Bohora caste, and by them sent from 
Bombay to China, Arabia, and Europe. 

“ According to the latest details, the trade in Cambay stones at present 
supports about 600 families of skilled workmen, and from 500 to 600 
unskilled labourers. The skilled workmen are all Kanbis, the labourers 
Musalmans and Kolis. The whole body of skilled workmen includes four 
distinct classes, each engaged on a separate process. Compared with the 
1850 returns, the figures for 1878 show a fall from 200 to 100 in the 
number of polishers on the rough stone, dolias. On the other hand, tho 
workers on the lapidaries’ wheel, ghasias, have remained steady at 300 ; the 
drillers, vindhars, and the polishers on the wooden frame, patinuirs, at 50.^ 

** Each process is carried on in a distinct workshop. At the head of each 
workshop, karlclimia, is a well-to-do Kanbi known as the harkhanwwahi , or 
head of the factory. This headman, though generally not above working 
with his own hands, has under him, besides a varying number of labourers, 
from two to ten skilled workers. The skilled workers, all grown men, as 
women and children do not help, receive monthly wages, each according to 
tho work ho has done ; the unskilled labourers, many of them boys, are paid 
by the day or as their services are wanted. From tho richest of the work- 
shop heads, the highest class of agate workers, the agate dealers, ahlhias, 
are recruited. The aklkia, who must be a man of some capital, buys the 
stones as they come rough into the Cambay market. In his factory the 
rough stones are sawn and chiselled, and then, according to the nature of 
the stone and the use to which it is to be put, he hands it over to the head- 
man of one of the polishing factories. When the work is completed, the 
Cambay dealer disposes of the finished articles to the agate merchants of 
Bombay, or sends them through Bombay to Calcutta, China, or Jedda. 
According to the returns, the number of agate dealers, akiklas, in Cambay 
has, during the last twenty-five years, fallen from 100 to 50. 

In each branch of the craft tho heads of factories form a distinct guild 
or panchayat. There is the guild of polishers on stone, dolia panchayat ; of 
polishers on wood, pat miar 2Janchay at ; of workers on the lapidaries’ wheel, 
ghasia panchayat ; ^nd oi drillers, vlndliar partchayat. Above them is the 
dealers’ guild, akikia panchayat, in whose factories the work of sawing and 
chiselling is carried on. Over each of these guilds a headman, chosen by 

* Within the last thirty years about 167 families of agate workers have abandoned 
tiieir craft. Of these, 7 have gone to Abmcdabad ; 10 to Baroda ; 26 to Bombay ; and 
125 have become cultivators in Cambay. Those in Ahmedabad have taken to silk-weaving ; 
those in Baroda to tobacco -selling, polishing precious stones and weaving; those in Bombay 
to stone-polishing and glass-mending. Tho Bombay settlers still keep up their connection 
with Cambay, going there for marriage and death ceremonies. Tlicy have also, both 
publicly and in their houses, shrines representing the tomb of the founder of their craft. 
(I'lioBc and some of the particulars about the trade unions have been obtained from one of 
the Kanbis settled in Bombay.) 
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the votes of the members, presides. There is no combination among the 
workers in the different factories, and there is no record of any dispute 
between the workers and their employers. Any skilled worker, who raises 
himself to be head of a factory, may become a member of the guild of the 
branch of the craft to which he belongs. On joining a guild the new-comer 
is expected to give a feast to the members, the expense varying from £17 
IO 5 . to £80 (Rs. 175'-800). He is at the same time required to pay the 
Nawab a fee of from £1 10s. to £10 (Rs. 15-100).* From time to time 
the members of a guild hold a feast, meeting the charges out of the common 
funds. In any factory, if one of the skilled workers wishes to have a son 
taught the craft, or if a new hand is anxious to join, he gives a dinner to 
the head of the workshop and to the other skilled workers. Except in 
making arrangements for the unpaid service due to the Nawab, the trade 
funds would seem to be applied to no purpose but that of entertaining the 
members. When a guild feast is held, if one of its members chances to bo 
sick, his share of the dinner is sent him. With this exception, the practice 
of using trade funds to support the sick or those out of work, or to provide 
for widows and orphans, is unknown. 

On paying the Nawab a fee, and agreeing to meet the customary 
charges, including a yearly subscription of £1 4s. (Rs. 12), any member of 
one of the under- guilds may become a dealer, aJcikla, About four years 
ago, the heavy cost of joining the ahilcia guild caused a dispute. Certain 
of the polishers, gJiasiaSf claimed the right to deal in stones without be- 
coming members of the ahikia guild. The regular dealers were too strong 
for them, and failing to get any business, they were forced to leave Cambay. 
With some families of drillers they retired to Ahmedabad. But finding 
themselves no better off there, they returned to Cambay. 

‘‘ The guilds are useful in arranging for the service due to the Nawab. 
When the Nawab wants a lapidary, he tells the dealers* guild what work ho 
wishes done. The chief of the dealers sends to the master of one workshop 
in each branch of the craft, telling him what is wanted> and asking him if 
he will undertake the duty. If ho agrees, — and there is generally in each 
class one master-worker who undertakes the Nawab’s orders, — he receives 
from £5 to £6 (Rs. 50-60) from the guild funds. Among guild rules, one 
forbids master-workers engaging the services of workmen belonging to 
another factory. Another lays down certain days, amounting in all to 
about two months in the year, to be kept as holidays. Breaches of the 
rules are punished by fines varying from 2s. 6d, to 5^. (Rs. 


* Some years ago the details were, to join the dolia guild, £19 (£17 10^, in dinners 
and £1 10 «. for the Nawab) ; to join the ghasia guild, £87 (£85 in dinners and £2 for the 
Nawab) ; to join the patima/r guild £15 (£12 10». in dinners and £2 10«. for the Nawab) ; 
and to join the akikia guild, £90 (£80 in dinners and £10 for the Nawab). At present 
(1876) a fee is paid to the Nawab only on joining the akikia guild. 

H I 
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For an interesting sketch o£ the early history o£ this trade, re£erence 
may be made to the Bombay Gazetteer, VoL VI, p. 205. 

The actual value of the trade is less extensive than may have been 
concluded from the above ; in 1805 it was estimated at Rs. 62,230 ; in 1843 
Rs. 94,900; and the returns for the five years ending 1878 give all 
average of Rs. 70,000. 

Malwa 5 Ujein, Lat. 23'' 10' ; Long. 74° 47'. — There is, as already 
stated on page 504, a geological difficulty about accepting the view ex- 
pressed by Professor Muller that the material of the murrhine cup was 
fluor spar ; if it was obtained at Ujein or Ouzein, or any other locality 
within the trappean area, it was almost certain to have been one of the 
chalcedonic minerals, viz.^ carnelian or agate, Fluor spar is not known 
to occur in the trap. 

Some notices of carved antique gems obtained in Afghanistan, of 
wdiich carnelian appears to have been the favourite material, will be 
found in the papers noted below. ^ 

Flint : General Remarks. — Flint is a massive compact form of 
silica, and is generally of dark colour. It breaks with sharp-cutting edges 
and a couchoidal surface. The chief distinction between flint and horn- 
stone is that the latter is more brittle, and does not work so easily ; 
chert is an impure horn stone wliich occurs in bands in limestones. 

True flints are of rare occurrence in India, but hornstones, agates, &c., 
have been largely employed in prehistoric times in the manufacture of 
the knives, &c., wliich generally go by the name of flint implements, and 
some of them aft’ord substitutes for gun-flints and flint and steel. 

Madras : Trichinopoli District. — Flints, almost undistinguishablo 
from English chalk flints, are found at Coorchycolum, a few miles south 
of Vellur and to the south-east of Sainthoray. They are believed to 
exist as a continuous band, not in detached nodules in the highest creta- 
ceous beds, but were not seen m situ, though shattered fragments 
abound on the surface at the localities above indicated.^ 

Gun- flints are said to be obtainable in the Bellary district, but the 
nature of the source is not known. ^ 

Bombay : Dharwar District : Wodooeti, about 2 miles south of the 
manganese locality (see page 331). At the above-named place. Captain 
Newbold^ states there were pits, from whence Hyder and Tipu obtained 
supplies of gun-flints for their troops. They are of a yellowish-brown 

1 Jour. As. Soc. Bengal, Vol. IX, pp. 97-100 ; Vol. X, p. 613 ; Vol. XI, p. 316, 
s Blanford, H. F. Mem., G. S, I., Vol. IV, p, 213, 

® District Manual, p. 95. 

^ Madras Journal of Lit. and Sci., Vol. XI, p. 16, 
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colour, translucent at the edges, tough, of a jaspery nature, and answer 
the purpose, it is said, extremely well/^ 

Afghanistan. — Immediately across the Kurram on the Afghan side 
opposite to Thai, there is a source of flint much resorted to by the 
Yagi tribes for gun-flints. Mr. Wynne' has described it as a rugged 
hill called Bakkarkanch (flint-stone), which is formed of masses of altered 
brecciated beds, some being altered limestone or a siliceous rock full of 
angular fragments of hornstone or flint usually mottled or banded with « 
reddish or dark, purple and gray tints. 

Punjab : Bannu District — Mints, obtained from the nummulitic 
limestones, of this district were exhibited at the Lahore exhibition.^ 

Materials for Glass Manufacture s General Remarks. — This 
would hardly be a suitable place for describing the native processes of 
glass manufacture. Already it will have been seen that India abounds 
in materials suited for the manufacture of glass. The simplest material 
is afforded by the collection of reh, which contains soda in the form of 
carbonate. The natural impurity consists largely of silica, so that 
when melted a coarse glass is produced, from which the womcn^s bracelets, 
called churls, are manufactured. In many parts of the country the 
natives are perfectly well aware of the existence of suitable materials, 
and the reason that the manufactured glass is not of better quality is 
that the furnaces are on too petty a scale, and the heat is not sufficient to 
properly melt the whole mass of the material ; the glass is often si>otted 
or full of air bubbles ; but there is good reason for belief that under 
skilled guidance the natives of India would become admirable workers 
in glass. 

For information as to the practice of glass-making in India reference 
should be made to the works noted below 

* Records, 0. S. I., Vol. XII, p. 111. 

2 Punjab Products, p. 45. 

^ Heyne. Tracts, p. 355. Baden- Powell. Punjab Maiiufacturea. Balfour. Cyclopuidin, 
Art. — Glas.s, 



516 


GEOLOGY OF INDIA—JABEITE. 


[Chap. XIV. 


CHAPTER XIV. 

BISIUOATES, UNISILICATBS AND SUBSIUCATBS. 

Jade oe Nepheitb — General Remarks. Jadeitb — General Remarks — Bengal — Mlrzapnr— 
Turkistan — Upper Btinna. Asbestos oe Amiantsus — General Remarks --Madras — 
Salem — Mysore — Bengal — Chutia Nagpur — Afghanistan — Punjab — Garhwal. 
Beeyl oe Emeeald — General Remarks — Madras — Coimbatore — Bengal — Hazari- 
bagb — Bajputana — Panjab — Burma. Gaenet — General Remarks — Madras—Nellore 
— Godavari — Vizagapatam — Hyderabad — Bengal — Chutia Nagpur — Hazaribagh — 
Central Province.^ — Rajputaua — Kishengarh — Jaipur — Udepur — Burma. ZiECON — 
General Remarks. Iolite ob Dicheoite — General Remarks. MiOA — General 
Remarks — Madras — Vizagapatam — Bengal — Hazaribagh — Behar — Gya — Central 
Provinces — Balaghat — Bombay — Rewa-Kanta. Lapis Lazuli — General Remarks — 
Bodakshan. Kyakite — General Remarks. Topaz — General Remarks. 

Jade: General Remarks. — Under the name jade several different 
minerals are included ; being applied to similar purposes, they are not 
always easily distinguishable. 

Nephrite jade is a variety of the hornblende group ; being nearly 
allied to tremolite in composition, it is a lime and magnesium silicate. The 
name nephrite is derived from the Greek vs^pof, the mineral having 
been supposed to be a specific in diseases of the kidney. It is used for 
carvings in Burma^ China, and New Zealand, but in China jadeite is more 
highly esteemed, while much of what is sold as jade is really prehnite (a 
lime and aluminium silicate) , Se]’pentine is also sometimes passed off as 
jade, not to mention very clever imitations in glass, of which examples 
are to be seen in the bazaars of Burma, and apparently also in those of 
Central Asia. Some samples of the latter, brought from Kashgarh, were 
supposed to be of Russian manufacture, but they may have come from 
China. 

Jadeite: General Remarks. — ^This mineral belongs to the epidote 
group, and has a more- complicated composition than nephrite, including 
a number of bases combined with silica. It is used for ornamental pur- 
poses in China and some ornaments found in the ancient Swiss Lake- 
dwellings are said to have been of this material. It is to be understood 
that information is incomplete as to which of the above minerals some of 
the jades mentioned in the following remarks should respectively be 
referrod. 
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Bengal * Mirzapur District. — In this district Mr. Mallet* mentions 
that the hornblende rock west of Dumrahur and Urjhut, owing to its 
light-gray colour would be more appropriately called tremolite, and that 
in places it passes into the condition of jade. In this form it is met 
with between Eotamowa and Bumnee (Bhamni), and at the top of the 
Kurea Ghii^ where bands from one foot to several feet in thickness 
interbedded with mica-schist; an olive-green jade occurs north-west of 
Kisari, and jade is also found associated with the corundum at Pipra (vidt ^ 
Chapter IX). 

Turkistan : Karakash.— Though beyond our limits, it will not be 
otherwise unsuitable to introduce here a short notice of the jade mines of 
the Kuenlun range, since they have been visited and described by a 
former officer of the Geological Survey of India, the late Dr. F. Sto- 
liczka.® The Karakash mines are situated about 17 miles from Shahidula^ 
in a south- westernly direction. The actual mines, which are shallow 
pits with short galleries at the bottom, are very numerous, and at a 
distance look like pigeon-holes on the side of the hill. The principal 
rocks with which the jade-bearing veins occur are syenitic gneisses with 
micaceous and hornblendic schists. 

The jade is associated in the veins with a white crystalline mineral, 
the nature of which was not determined. As it was not affected by the 
blow-pipe, it cannot have been a zeolite as was suggested. It seems pos- 
sible that it may have been a dolomite, as it is said to have been coarsely 
crystalline, and to have exhibited rhombohedral faces on a fresh fracture. 
The jade varied in colour from pale green to a dark green like the 
colour of ordinary serpentine. The pale green was the most common ; 
there was also some white jade. The translucent green variety was rare, 
only occurring in thin veins, and was often full of flaws. Some of the 
veins of pale-green jade were 10 feet thick, the hardness was about 
equal to that of common felspar or below 7. These mines, it is believed, 
have been worked by the Chinese for many centuries^ but had been aban- 
doned when they were driven out of Yarkand in 186t. It is not impro- 
bable that working them has been resumed since the Chinese have again 
taken possession of the country. 

As fragments of jade are to be seen in most of the streams from' 
the Kuenlun range, it is believed that the veins have a wide extension ; 
but the superficial covering on the rocks makes it difficult to trace them 
out. Somewhere south of Kotan, there are other mines of great antiquity, 
which were mentioned as producing jade by Chinese authors who wrote 

^ Recordfl, G. S. I., Vol. Vll, p. W. 

* Op. Vol. V, p. 22. 
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2^000 years ago. For many centuries a system of dredging the rivers 
of Kotan for jade lias been in practice. The name for jade is zu in 
Chinese^ hash in Eastern Turkistani, fmdiyashm in Persian.* 

By some authorities however the zu of the Chinese has been identified 
with jasper, and Mr. Prinsep^ considered that zu was green quartz or 
prase. 

Upper Burma* — From a very complete rhimS of the available 
information regarding the jade mines of Uppei* Burma by Dr. J. 
Anderson,^ we learn that the mines are in the Mogoung district^ 25 
miles to the south-west of Meinkhum. The pits do not exceed 20 feet in 
depths and the jade is described as occurring in loose boulders. Some- 
times 1^000 men, Shana, Chinese, Panthays, and Kakhyens, used to be 
engaged in digging. There used to be a largo trade in the mineral, much 
of it going to Momein, where it was manufactured into ornaments. 

At Bhamo, Dr. Anderson bought rings of jade for Rs. 4 each of 
the quality which at Canton would sell for £2. Taxes are laid on the 
industry at all stages, and in 1836 the annual revenue derived from it 
was Rs. 40,000. 

At Momein a pair of bracelets of the finest jade cost about 
Rs. 100. Dr. Anderson describes the method of cutting the jade by means 
of circular discs of copper which are charged with silicons mud and 
what appeared to be ruby-dust. The most valuable jade is of an intense 
bright-green colour resembling the emerald, but red and pale pinkish 
kinds are also highly prized. 

Asbestos or Amianthus. — The term asbestos is applied to fibrous 
varieties of several different minerals. Strictly speaking, it ought perhaps 
to be restricted to those of the hornblende series, but sometimes a 
pyroxenic or augitic asbestos is met with. For the fibrous varieties of 
serpeutine the term chrysotile should be used. Amianthus is sometimes 
applied to them, but this term is also more properly applicable to fibrous 
varieties of hornblende. 

Many of the uses to which asbestos are put are well known, and its 
properties as a refractory fire-resisting substance secured its employment 
for special purposes, even by the nations of antiquity. The number of 
useful purposes to which this incombustible, non-conducting, and at the 
same time pliable material can be put is constantly increasing. Among 
the most recent and important of these additions, the preparation of a 

1 Conf. Col. Yule’s Marco Polo , Vol. I , p. 177. 

* Jour. As. Soc. Bengal, Vol. VI, p, 265. 

® Expedition to Yunan, p. 66. 
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rope which is used for packing steam-pipes, and a paper board or felt, 
for the junctions of steam-pipes, may especially he mentioned. 

In India, though asbestos has been observed and collected at many 
widely separated localities, both in the peninsula and in the extra-penin- 
sular countries, it remains still to be shown whether it is anywhere 
sufTjciently abundant to be of commercial value. 

Madras: Salem District and Mysore State. — According to 
Dr. Balfour, asbestos is found abundantly in both Salem and Mysore. It 
is probable that a large proportion of what is so called in the former 
district is chrysotile, which is known to occur with the serpentines (see 
page 333); if so, owing to the water of crystallisation which it contains, it 
would not be suitable for the purposes to which true asbestos is appli- 
cable. Information regarding the asbestos of Mysore is not available, but 
it may be worthy of attention. 

Bengal: Chutia Nagpur. — In the metamorpbic rocks of Chutia 
Nagpur, more particularly in those of the Manbbum district, true asbes- 
tos has often been found, but so far as is known at. present, there are 
no abundant sources of it there. 

Afghanistan. — According to Dr. Balfour, asbestos is found at 
Jellalabad. There is a sample in the Geological Museum, which was 
received recently from the Gabar Mangal country, together with the 
statement that it is used for making brooms. Mr. Wynne states that 
he has seen specimens from 2 miles west of Segai Kangah Khost, where 
it is so plentiful that the people make it into ropes ; the locality is 
stated to be two long days^ journey from Thai into Afghanistan,* 

Punjab. — According to Mr. Baden- Powell, ^ a fibrous silky mineral 
believed to be asbestos, is found in the Bannu district, and a hard and 
stiffer mineral with finer fibre was obtained for the Lahore exhibition 
from another but unknown locality. 

Garhwal. — Asbestos has been found, it is said, a short distance from 
Ukhimath in Garhwal. Mr. Atkinson^ states that it is considered to 
be of good quality, but occurs too far inland to be worked with profit. It 
is used by the hill people as a dressing for wounds and burns, and as a wick 
for oil lamps. 

Beryl Emerald: General Remarks. — ^Tbis mineral is a compound 
of alumina, glucina, and silica. In the emerald the presence of less than 
one per cent, of chromium oxide confers the rich-green colour character- 

» Recorde, G. S. I., Vol. XIT. p. 111«. 

2 Punjab Products, p. 68. 

* Economic Geology of Hill Tracts, North-West Provinces, Punjab, Allahabad, p. 34. 
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istic of the g-em. By Mr. Lewy it was supposed that the colour was due 
to the presence of a carburet of hydrogen of organic origin. But the 
fact that emerald may be heated to a high temperature without losing 
its colour is considered to disprove this view. 

As has been statetl on page the oriental emerald is a green 
sapphire or corundum. The other varieties of beryl are coloured by oxide 
of iron, and are of pale tints. The name aquamarine im ludes those of a 
sea-green or bluish-green colour. 

As is well known, the emerald is a favourite stone with the natives 
of India ; possibly, had it been produced in the countiy it might not have 
been so. With the solitary exception of Ajmir, in no part of India is it 
recorded that emeralds have been found ; and the Ajmir emeralds were 
perhaps chryso-beryl. In all probability a proportion of the emeralds now 
in India have been imported overland from the north and west in small 
parcels, of which there are no trade returns. It is considered that 
Central Asia and Siberia have been the principal contributors ; but in all 
probability Peru and the other known sources of emeralds have supplied 
their quota, and the imports from the London market are known to be 
considerable, 

Madras * Coimbatore District : Paddoor or Patialey A beryl 
mine at the above locality has been described by Captain Newbold,i who 
visited it some years after mining had ceased. The rock is a vein or 
dyke of coarse granite, consisting of quartz, cleavlandite felspar, garnet, 
and several kinds of mica ; the greater part of the mass is porphyritic, 
but in places it has a sort of fibrous structure. The beryl is found in 
nests in cavities in the cleavlandite. All the easily accessible masses of 
it had been broken up. The mine was worked for two years about the 
year 1818, by Mr. Heath, whose name has been mentioned in the Chapter 
on Iron. The villagers had previously been in tbe habit of collecting the 
beryl and selling it to itinerant jewellers, who again sold it at a high 
profit in Madras. 

Aquamarine crystals from Kangiam in Coimbatore were exhibited 
at the Vienna exhibition. The aquamarine from Hindustan, to be seen 
m collections in Europe, was probably all obtained in Coimbatore. Some 
crystals of enormous size are said to have been sent from India. 

Captain Newbold alludes to a report that beiyl is also found at Vani- 
ambadi, at the northern base of the Nilgiris, and there is a not very clear 
reference by Dr. Clark® to the occurrence of beryl in Mysore. 

Edin. Phil, Jour., Vol. XXXIX, page 171 ; and Madras Jour, of Lit. and Sci., Vol. XIT, 
page 178. 

2 Madras Jour, of Lit. and Sci., Vol, IX, p. 121. 
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Bengal : Hazaribagh District : Mahabae Hill. — According to 
Mr. Mallet,* small crystals of yellow beryl are abundant in a large dyke 
wbicli crosses the Tendwaha river, south of Mahabar hill. 

Rajputana •* Ajmir District. — According to Dr. Irvine, small rolled 
pieces of beryl of green colour, which the natives regarded as emerald, 
though they knew them to be softer than the oriental emerald, used to 
be found among the Sora hills near Rajmahal on the Banas.® There is 
apparently no more recent account of this mineral. 

Panjab. — Beryl occasionally occurs in the veins of granite which 
traverse the gneiss at the Wangtu bridge, and for some miles up the 
Sutlej and Wangur rivers, also in the similar veins of the Chandra 
valley, above the Hainta pass. Mr. Mallet® who collected them in these 
localities, states that they are generally of a light-blue colour, but are too 
flawed to be fit for jewellery. The mineral is found in those parts of 
the granite where tourmaline also occurs. The largest crystal in the 
Geological Museum from this locality is 8^ inches long and | inches in 
diameter. 

Burm8i.~The Rev. Mr. Mason states that beryls have been found in 
the sands of the Irawadi, and he suggests that they might also be found 
in the streams descending from some of the granite hills. Authorities 
seem to be divided as to whether the true emerald has been found in 
Burma. The oriental emerald, however, occurs there, as has been already 
stated (page 429). 


Garnet : General Remarks. — ^The varieties of garnets are legion } 
they form a genus, the species belonging to which vary widely in their 
chemical composition. They may be grouped in six sections, as alumina- 
lime garnets, alumina-magnesia garnets, alumina-iron garnets, alumina- 
manganese garnets, iron-lime garnets, and lime-chrome garnets, or in 
three sections simply, as alumina, iron, and chronae garnets, in which one of 
these is the sesquioxide base of the silicate, and the protoxide base is 
either lime, magnesia, iron, or manganese. To the alumina section 
belong the precious and common garnets, and also the cinnamon stone ; 
to the iron section, colophonite, &c.; and to the chrome section green gar- 
net or ouvarovite. 

The carbuncle of the ancients is garnet cut, as it is called, en cabuckon» 
The art is still practised in India, and the stones, when of good quality 


1 Records, G. S. I., Vol. VII, page 43, 
5 Topography of Ajmir, p. 160. 

3 Mem., G. S. I„ Vol. V, page 168. 
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and well cut, are very beautiful and would meet with more esteem were 
it not that they happen to be cheap, which has put them within the reach 
of so larg-e a circle that they are made but little use of. It is believed, 
however, that there is still a small trade in them from Calcutta. 

Madras. — Garnets occur in considerable abundance in most of the 
districts of Madras, garnetiferous varieties of gneiss being common. 
Green garnet was found by Newboid at Sankeriydrug in Salem, and 
the variety known as cinnamon stone or hessonite n(‘ar the Seven 
Cairns hill on the Nilgiris. Tim dark-brown colophonitc is widely distri- 
buted. * 

Nellore District. — Garnet sand is collected in the rivers of Nellore 
and is sold by the natives as a substitute for emery. Mr. Foote® suggests 
that staurolite, of which an almndance is to be had near the Chundi 
hills, would be a more eflicient substitute on account of its greater hard- 
ness. 

Godavari District: Kondapilli, Lat. 16° 88' ; Long. 80° 36'. 

Koiidapilli has long been famous for its garnets which are obtained 
from the detritus of certain bands of massive, garnetiferous, hornblendic 
gneiss. These garnets are now, however, of little value. ^ 

Hyderabad State : Ghartbpeth*— At this locality, which is 8 miles 
to the south of Paloncha, precious garnets used to be collected ac- 
cording to Dr. Voysey.'* They were found at a depth of 8 or 10 feet 
in the detritus, from which he was led to conclude they had been formed 
there, and had not come from the neighbouring granite rock in which 
garnets of inferior character only were to be seen. The garnets when 
collected were gently pounded ; those which did not break were con- 
sidered to have passed the test. Kyanite was very abundant in the 
granite. According to the Central Provinces Gazetteer, large quantities 
of garnets are still sent to Madras from Paloncha to be made up into 
ornaments. 

Vizagapatam District.— Garnets are obtained in the hills near 
Galekonda. Indeed the metamorphic rocks all along the Eastern Coast 
are more commonly garnetiferous than are those in other parts of the 

tjrissa. — The bed of the Mabanadi irf Orissa contains garnets which 
used to be washed for formerly. Garnetiferous gneisses are very abun- 
dant in the province. 

1 Jour. Roy. As. Soc., Vol. VII, p. 224. 

^ Mem., G. S. I., Vol. XVII. p. 164. 

3 King, W. Op. cit.yo\. XVI, p. 264. 

^ Jour. As. Soc, Bengal, Vol, II, p, 404. 
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Bengal : Ohutia Nagpur : Hazaribagh District. — In several loca- 
lities in Hazaribafjli^ inclndin^ tlie station of Hazaribagh itself^ massive 
garnet is found in veins in the metamorphic rocks. It is a somewhat puz- 
zling-looking rock at first sight, and it has been mistaken for corundum > 
magnetite, &c. Ten years ago an attempt was made to push it in the 
market, but it apparently could not fetch remunerative prices. 

In the year 1850, Mr. Piddington* analysed this massive garnet and 
conferred upon it the name calderite. From the numerous varieties 
which there are of it, it is more appropriately described as a rock than a 
mineral, as it does not possess a constant composition. The assay of the 
purest specimen gave— 


Silica ..... 


. 

• 46-35 

Alumina .... 



. 0-35 

Lime ..... 



. 1-00 

Arsenic 



. 0-20 

Iron perox .... 



. 30-18 

MangHnoso protox 



. 21'00 

Loss, partly fluorine 



•92 


100 - 


Ordinary dodecahedral garnets occur in the schists in many parts 
of Chutia Nagpur, but there is no record of precious garnets having been 
collected there. 

Central Provinces.— Garnets are obtained in the bed of the Qoda- 
veri near Bhadrachellum, but they are not of so good a quality as those 
from Gharibpeth. 

Rajputana: Kishengarh State : Sarwah.— L at. 26® 4'' ; Long. 75® 
4 ' 30 ". — At this locality there are extensive mines in the Arvali schists 
from which garnets of large size and good colour are obtained,* In 
some cases the mass of garnet is amorphous in structure. According to 
the Ajmir Gazetteer, the Raja derives a large revenue from these mines ; 
any one is allowed to work at the rate of one rupee per man, per day. 
For a distance of about a mile the outcrop has been burrowed into. It is 
believed that the large polished garnets cut en cahucAon^ which are to be 
seen for sale in the principal towns of the Punjab, have been obtained in 
these mines. 

Jaipur State: Rajmahal, Lat. 25® 53' 80” ; Long. 75® 21' 30\-— At 
this locality there were workings, which were not quite so extensive as 

' Jour, As, Soc. Bengal, Vol. XIX, p. 146 ; and XX, p. 207. 

’ Haeket, C. Records, G. S. I, Vol. XIll, p. 245. 
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the above, but they were conducted on the same principle and were in 
the same rocks. 

Udepur State : Mbja, Lat. 25® 25' ,* Long. 74® 87'.— The mines here 
too were in all respects similar. 

It would be useless to enumerate other localities in India where 
garnets exist ; indeed materials do not exist for preparing a complete list. 

Burma. — In Burma garnets of bright and clear colours are often 
sold to travellers by wily Shan jewellers as rubies. 

Zircon : General Remarks.— This mineral is a silicate of Zirconia 
having the chemical formula Zr Si. Its square prismatic crystals 
belong to the dimetric system, but it is sometimes found in a granular 
condition. When the crystals are translucent and of a red colour they 
are called hyacinth. A colourless variety, with a smoky tinge, which is 
found in Ceylon, is called jargon ; it is said to be often palmed off on the 
unwary as a diamond. This variety is used in the jewelling of watches. 
Zircon is occasionally obtained, it is believed, in the ruby mines of Upper- 
Burma, but as to its occurrence in India there is no information. 

lolite or Dichroite : General Remarks. — This mineral is an alumi- 
num, magnesium, and iron silicate. Its crystals are rhombic prisms of 
the trimetric system. It resembles sapphire or more closely blue quartz, 
but may, as it is softer than the former and is readily fusible on the 
edges, easily be distinguished from both. It is found in Ceylon, but it is 
not known to have ever been obtained in India, and the sole reason for 
its being mentioned here is that, recently, among some relics obtain- 
ed at Buddha Gaya* and believed to have been ornaments of Asoka^s 
throne, there were several samples of iolite, which may of course have 
been brought from Ceylon. It is noteworthy that these, which, if the 
antiquarians are right, must have been buried for about 2,000 years, show 
no sign of superfical alteration or decomposition. 

Mica : Gteneral Remarks. — The group of minerals known collect- 
ively under the above name have several common characteristics, their 
principal points of divergence consisting in the combining ratios of the 
bases, and the silicon of which they are constituted. The light-coloured 
micas generally belong to the species known as muscovite and the black 
to biotite ; other varieties are lepidolite and lepidomelane. Of all the 
species the only one having any real or extensive economic importance 
is muscovite, and to it therefore our present remarks may be confined. 


^ Procdge. As. 8oc. Bengal, 1881, p. 88. 
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Muscovite occurs in oblique rhombic prisms of the moclinic system. 
In composition it is somewhat variable, especially in reference to the 
water which it contains. Silica, alumina, potash, iron sesquioxide, and 
fluoric acid are its ordinary constituents. 

The uses of mica all depend on its transparency, flexibility, thinness of 
its folisB, and the ease with which it can be cut, while for special purposes 
its not being affected by great heat renders it invaluable. It is used in 
lieu of glass for lanterns, doors of furnaces, and in some countries in win- 
dows. As a glazing material for pictures and for the backing of mirrors, 
it is also employed. In India small fragments are largely employed in 
the tinsel ornamentation of temples, palaces, banners, &c. In powder 
it is used for ornamenting pottery, and even the clothes of the natives. 
By native artists it is much used for painting on. 

Although mica is one of the most widely distributed minerals in 
India, its occurrence in plates of sufficient size to be of commercial value 
is limited to a few particular tracts. All the mica which occurs in rocks 
other than those of crystalline or metaraorphic character is fragmentary 
or detrital, and of no substantial value, though it is collected to a small 
extent by the natives for ornamental purposes. The plates of useful size 
are found generally in veins of coarsely crystalline granite. 

Madras: Vizagapatam District : Kodur. — Mica of sufficient size 
to be worth collecting is obtainable at the above locality, but as it sells 
at the rate of 24* pounds for the rupee it cannot be of a very good quality. 
It is said to be abundant.^ 

Bengal: Hazaribagh. District.~Tbe first mention of mica mines 
in this district appears to be by Surgeon P. Breton, who states that in the 
year 1826 large transparent lamin® were procured a few miles to the 
east of Hazaribagh station.^ 

In 1849 Dr. McClelland''^ described the mica mines at Dhanwi, Dbo- 
ba==Dhunbbar(?) and Quadrumma. At Dhanwi the mica is said to occur 
in strata alternating with coarse gneiss. The plates of mica are associated 
with large crystals of felspar and amorphous masses of quartz. About 50 
to 100 men and boys were engaged in the mines, which were inclines run- 
ning with the dip, and as many more women and children occupied them- 
selves with sorting and dressing the plates. From this mine alone it is 
stated that 100,000 maunds were despatched to Calcutta, where they were 
sold at the rate of Rs. 7^ per maund. From the other mines still greater 
amounts were produced, and were sold on the spot for Rs. 4 a maund. These 

1 Vizagapatam District Manual, p. 155. 

2 Trans, of the Med. and Phys. Soc. of Calcutta, Vol, II, p, 261. 

Rei)ort on Geol. Surv., 1848-49, p. 20, 
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amounts seem incredible, as in other words the total annual value of the 
mica on the spot at the three mines would amount to upwards of 
£120^000, probably £1,200 was nearer the actual sum. In 1843 nine 
mica mines were at work on the Government estate of Kodarma, and the 
annual rent amounted to only Rs. 113-10-0. 

In 1863, according to the Statistical Account of Bengal/ 10,000 
maunds were exported at Rs. 3 a maund, or a total value of Rs. 30,000 ; 
half of this went to Calcutta and half to Patna. 

Dhub, Lat. 24^" 35'; Long. 85''49’. — At the above locality and at Jam- 
tara, in the Kharakdihu pargana, there are mica mines which have been de- 
scribed by Mr. Mallet , as follows. Having given the geological relations 
of the granite dykes, which he considers to be truly intrusive, he says that 
the ^^coarsest pegmatite is frequently found in dykes of moderate thickness, 
in which therefore plates of the largest mica occur, and it is such dykes 
that the miners generally select for their operations. They pay from one to 
two rupees each per annum, according to the richness of the yield, to the 
owner of the land for the privilege of mining. The usual mode of working 
is simply to excavate a trench along the course of the dyke, which in the 
Gawan neighbourhood is seldom carried deeper than 20 or 25 feet. Some- 
times where there is a considerable thickness of decomposed mica near 
the surface, rude shafts are sunk to the fresh and uninjured mineral and 
excavations carried on laterally from the bottom. In a few cases also 
rough horizontal galleries are driven in from the side of a hill. In the 
last methods of course artificial light is necessary. No precautions are 
taken to support the roof and accidents are not unfrequent from its 
falling in. 

The plates of mica are generally brought to the miners^ villages, and 
there, after being slightly trimmed with ordinary grass-cutting knives, 
they are sorted into difCerent heaps according to quality and size. The 
quality depends on the mineral being in a perfectly unaltered condition, 
its transparency and freedom from cloudiness caused by internal foreign 
matter, the absence of minor cleavages which render it liable to split into 
ribbons and triangles, and the planeness of its fissile surfaces. Six kinds 
are recognised according to the size of the plates, Id, mijhla; 2nd, 
manjhla ; 3rd, rasi ; 4ih, karra ; 5th, urtha j 6ih, admalla. Some of the 
miners interpolate J'uilurtha between the fifth and sixth, and speak of 
another size, barka, still larger than admalla. All these terms are used 
rjithcr vaguely in respect to the absolute size of the plates indicated 

I Vol. Xlll.p.m. 

Hecords, G. S. 1., Vol. VII, p. 41. 
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thereby. At Dhub and Jamtara the miners were induced to separate a 
quantity of the mica into the different grades ; measured average speci- 
mens of each gave the following results : — 



Dnun. 

Jamtaba. 


Inches. 

lllChCB. 

Sanjhla 

. 6x4 

4x3 

Manjhla 

. 7x6 

6x4 

Easi 

9x6 

6x6 

Kari-a 

. 12 X 9 

8x6 


The above four sizes include the greater portion of the mica founds it 
being only in the best mines that Vriha and Admalla are procurable. 
The largest plates which were seen measured 19x14 inches, and 20 X 17 
inches, but considerably larger ones are sometimes obtained. 

The mica is sold by the load, which is built up of plates either into 
one frustum of a cone and carried on the head, after being bound 
together with cord, or in two such and carried in a banghi. A load 
equals 6 panserieSy one panseri being equal to 5 kachcha seers of 12 
chiUacks each, or pakk a seers of 16 chiUacks ; the load, therefore, being 
seers or 46 lbs. avoirdupois. The miners informed me that the 
prices paid to them per load by the mahajans were as follows : sanjhla, 
6 annas; manjhlay 5 annas; raaiy 7 annas; karray 12 annas; iirikay 
lls. 2 to Rs. 5 ; admalla y Rs. 4 to Rs. 9, the selling prices being about 
double these figures. The value of the large plates more especially varies 
greatly with the quality. According to Colonel Boddam, plates of first 
quality of 18 inches diameter fetch as much as Rs. GO a maund in the 
market, or about Rs. 30 a load. 

Within the past few years some attempts have been made by a 
European to work some of these mines, but with extension of the oper- 
ations the trouble and expense caused by water has increased so much 
that the work has, it is believed, been abandoned. 

Behar : Gya District; Rajowli, Lat. 24* 40'; Long. 85° 35'. — 
In 1851, Captain SherwilP described certain mica mines which are on the 
western prolongation of the zone in which the Hazaribagh mines occur. 

During the three working months about 400 maunds of mica, 
yielding by calculation 23,000,000 transparent plates 9 indies square, 
were carried away from these mines to Patna. The value of the whole 
was estimated to be about Rs. 4,000. The miners belonged to a tribe 
called Bandathis, who were paid in kind about Rs. 2 a month by the 
mahajans. Before opening the mines, sacrifice to the tutelary goddess 
general drunkenness were essential preliminaries. The pits w^ere 

* Jour. As 8or. Benjjfal, Vo], XX, p. 295. 
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seldom more than 40 feet deep, and were forsaken when they became too 
dark to work in. A test applied to the mica by the workmen was its 
capability of reflecting the face without distortion. 

Central Provinces - Balaghat District.— -In this district, at 
Chitadongri and Bamni, near Baihar, mica occurs in plates of 2 by 3 or 4 
inches ; these are too small to be of much value, but it is stated that the 
lease of the mines were taken by a French gentleman resident at Mundla, 
with what result is not known.^ 

Bombay : Rewa Kantha District : Jambughora. — Major J. Full- 
james, in the year 1852, directed attention to the mica obtainable at the 
above locality ; the plates were not of large size and were worth only from 
Re. 1 to Rs. 2 a maund at Baroda.® 

Lapis Lazuli : General Remarks.— This mineral, otherwise known 
as ultramarine, has lost much of its value in modern times owing to the 
discovery by M. Guimet in 1828 of an efficient artificial substitute. 
Its composition is somewhat complex, as it contains silica, alumina, soda, 
lime, ix-on, sulphuric acid, sulphur and chlorine. The colour, which 
varies from a rich Berlin to an azure blue, is supposed to be due to 
sodium sulphide. The composition of the artilicial substitute is iden- 
tical, or nearly so, and acts similarly under chemical tests. Though gener- 
ally found massive, its crystals, which are dodecahedrons of the isometric 
system, occasionally occur. The presence of scales of mica or crystals of 
pyrites often add to the beauty of this stone when polished. For ornamental 
purposes its uses are well known : when powdered it affords the beauti- 
ful pigment called ultramarine, which is worth £5 an ounce, and is pre- 
ferred by artists in consequence of its possessing greater purity and clear- 
ness of tint than the artificial substitute. The latter is now commonly 
sold in the bazars of India under the same name, lajward, for about Rs. 4 
a seer, while at Kandahar in the year 1841, according to Captain Hutton, 
the true lajwar&y which was used for house painting and book-illuminat- 
ing, was sold, when purified, at from Rs. 80 to 100 a seer. Mr. Emanuel 
states that the value of the stone itself, when of good colour, varies, ac- 
cording to size, from 10 to 50 shillings per ounce. In Europe, the refuse 
in the manufacture is calcined and affords delicate gray pigments which 
are known as ultramarine ash. 

Lajward is prescribed as a medicine internally by native physicians; 
it has been applied externally to ulcers. That it possesses any real thera- 
peutic powers is doubtful. 

* Central Provinces Gazetteer, p. 18. 

^ Selections from Recoi*d8, Bombay Goverumout, No. XXI II, p. 101. 
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Dr. Irvine' stated in 1 84>1 that lapis lazuli is said to occur in the 
Nagpahar hills of Ajmir, in association with iron pyrites, but there does 
not appear to be any more recent record of its occurrence. 

According to Captain Hutton/ the lapis lazuli sold in Kandahar 
was brought from Sadmoneir and Bijour, where it is said to occur in 
masses and nodules imbedded in other rocks. He obtained a small specimen 
from Major Lynch, which was said to have been brought from Hazara, 
and he heard that it occurred in Khelat. Several writers speak of its occur- 
rence in Biluchistan, but possibly this may be due to some confusion in 
names. Beyond a question of doubt it does exist in Badakshan, the 
mines south of Firgamu, in the Kokcha valleys, having been described 
by Wood in the narrative of his journey to the Oxus. 

Badakshan: Firgamu: Mines, Lat. 86° 10'; Long. 71°. — The 
position given is that of the mines, not of Firgamu, which lies some 
miles further down the valley. 

The entrance to the mines is on ihe face of the mountain at an eleva- 
tion of about 1,500 feet above the level of the stream. The rocks 
are veined, black and white limestones. The principal mine, as re- 
presented in elevation, pursues a somewhat serpentine direction. The 
shaft by which you descend to the gallery is about 10 feet square, and 
is not so perpendicular as to prevent your walking down. The gallery 
is 30 paces long with a gentle descent, hut it terminates in a hole 5i0 
feet in diameter and as many deep. The gallery is 1^ feet in diameter, 
and as it is unsupported by pillars accidents sometimes occur. Fires 
are used to soften the rock and cause it to crack ; on being hammered 
it comes off in flakes, and when the precious stone is disclosed a groove 
is picked round it, and together with a portion of the matrix it is prised 
out by means of crowbars. Three varieties are distinguished by ihe 
miners, the nili or indigo-coloured, the asmani or sky-blue and the mdzi 
or green. The labour was compulsory ; and mining was only practised in 
the winter. According to Wood, these mines and also those for rubies had 
not been worked for four years as they had ceased to be profitable. 
Possibly this may have been partly due to the fall in value ; according to 
Mr. Baden-Powell, recent returns represent the export as amounting to only 
2 seers / but Colonel Yule, in his book of Marco Polo, states that the pro- 
duce was 80 to 6U poods [S6 Ihs each) annually, the best qualities selling at 
prices ranging from £12 to £24 per pood. Mr. PowelFs figures perhaps 

* Topography of Ajmir, p. 162. 

* Calc. Jour V, of Nut. Hist., Vol, VI, p. 604. 

® London, J. Murray, i>, 263. 

* Punjab Products, p. 65. 

1 1 
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only refer to the exports to India. Formerly the produce from these 
mines, which must, have been considerable, was exported principally 
to Bokhara and China, whence a portion found its way to Europe. 

Marco Polo says that the azure found here was the finest in the world, 
and that it occurred in a vein like silver. The Yamgan tract, in whicdi 
the mines were situated, contained many other mines, and doubtless 
Tavernier referred to it when he spoke of the territory of a Raja beyond 
Kashmir and towards Thibet, where there were three mountains close to one 
another, one of which produced gold, another grmaU (garnets or rather 
balas rubies), and the third lapis lazuli. 

A small quantity of lajward is said to be imported into the Punjab 
from Kashgar, and a mine is reported to exist near the source of the 
Koultouk, a river which falls into Lake Baikal. » 

Kyanite: General Remarks. — This is a subsilicate of alumina 
having the formula O5 Si. It occurs in gneiss, limestone and schistose 
rocks in thin-bladed light-blue crystals, in short and thicker crystals, or 
in a fibrous condition. Kyanite is sometimes used as a gem and has 
some resemblance to sapphire. Dr. "Walker^ in his account of Hyderabad, 
speaks of them as though they were different terms for the same mineral. 
Tlie crystalline rocks of Hyderabad contain kyanite in some abundance. 
It is of tolerably common occurrence generally in India, and there are few 
accounts of large tracts occupied by metamorphic or crystalline rocks 
which do not refer to its presence, but in consideration of the fact that 
it is not a substance having any definite value, it will be unnecessary to 
go into further details here. 

Topaz: General Remarks.— This mineral has nearly the same com- 
position as kyanite, namely Al^ O5 Si, except that a part of the oxygen is 
replaced by fluorine. The crystals which are rhombic prisms belong to 
the trimetrie system, and are differently modified at either extremity. 
Topaz is only found in metamorphic rocks, or in veins which traverse them. 
The colour of the topaz varies a good deal ; the so-called Brazilian ruby 
is often a yellow topaz, which has been heated so as to bring out the red 
colour. The Brazilian sapphire is a topaz of a deep celestial blue. These 
varieties are in themselves valuable as gems. They may readily be distin- 
guished from true rubies and sapphires by their inferior hardness ; on the 
other hand they may be distinguished from several varieties of rock crystal, 
which they resemble by their superior hardness. The so-called oriental 
topaz of jewellers is really a yellow sapphire or corundum. Of the 

* Madras Jour, of Lit. and Sci., Vol. XVl, p. 186. 
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occurrence of topaz in India there appears to be no authentic record, 
a reported discovery in the basalt of the Bajmahal hills beipg Open 
to question.^ Ceylon, it is believed, yields a not inconsiderable pro* 
portion of the topaz of commerce. 

‘ Gfeological Report for 184>8-49, p. SI. 
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CHAPTER XV. 

BUILDING STONES. 

General Remarks. Igneous and Metamobphio Rooks — Granite and Gneiss, &c., — 
Basalt and Trap— Detrital Rocks— Sandstones— Lateritb— Slate— General 
Remarks — Madras —Mysore — Kadapah and Karnul — Bengal — Monghyr — Chutia Nag- 
pur — Manbhum and Singhblium — Central Provinces — Berar — Rajputana — Alwar — 
Bombay — Afghanistan — Punjab — Simla and Gurdaspur — Gurgaon — North-West Pro- 
vinces — Kumaun — Dar j iling. 

Building Stones : General Remarks. — In this chapter there is a 
necessary departure from the order of arrangement of subjects^ which 
has been adopted with reference to all the rest. There are two reasons 
for this change^ one being the magnitude of the subject. If fully dis- 
cussed there should be an amount of detail for which there is now no 
space in this volume ; and it is perhaps needless to remark that there are 
several works in which the architectural part of the subject has been ex- 
haustively treated of by specialists ; on the other hand, both the calcare- 
ous and magnesian rocks, which afford the most beautiful and in some 
cases the most durable building stones, have already been disposed of in 
previous chapters. To reintroduce all the facts here, or to have dissoci- 
ated the particular uses of these classes of rocks as building stones from 
the other uses to which they are put, seemed to be inconvenient and 
undesirable ; this chapter therefore deals only with a part of the subject, 
namely, those building stones which are of crystalline (igneous and meta- 
morpbic), and those which are of sedimentary or detrital origin, limestones 
being excepted. Under these circumstances tlie geographical system of 
arrangement observed in other chapters has not been followed. 

Throughout the Gangetic valley the public buildings which have 
been erected under the auspices of the British have, until quite recently, 
been built almost exclusively of bricks. In many cases the difficulty 
of obtaining a building stone within an easy distance of the towns situ- 
ated in the alluvial valley, and in all the consideration of primary economy, 
have led to the employment of bricks instead of stone in the construction 
of our offices, courts, private residences, &c. Even in parts of the 
country where good building stones are to be obtained, bricks are often 
the only material regularly used. It is no doubt this feature of Anglo- 
Indian architecture, which in part gave rise to the saying that if the 
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English left India, in a century after their departure no sigp of their 
occupation would remain. 

Unfortunately the use of bricks cannot always be justified even by 
the appropriate or ornamental character of the results. If durability is 
sacrificed, we are justified in asking, if not for ornamental structures at 
least for buildings calculated to make this trying climate somewhat more 
endurable. But what do we find ? To quote the words of Major (now 
Colonel) Medley : Who does not know the scene of desolation that 

conies over one at first sight of some of our Indian cantonments : the 
straight and dusty roads, the rows of glaring-white rectangular barracks, 
the barn -like church differing only from a barrack in the presence of a 
square tower and classical ! portico, the Roman Catholic Chapel ditto, 
only smaller and with bright-green doors all round ? And again : It 
must, I think, be allowed that the true principles of architectural con- 
struction for buildings in the east, which are to be used by men habitu- 
ated to an entirely different climate, have not as yet been discovered ; a 
mosque, for instance, has a pleasant temperature both in winter and 
summer, while a Gothic church in India is, as a rule, either very hot or 
very cold. I do not say that Gothic churches are unsuitable to India, 
but only that they are so as we now build them 

Of late years, however, and since the above was written, the improve- 
ment in design of public buildings in our larger towns is very marked. 

Temples and houses built in the native style, though often somewhat 
close and ill-ventilated, are generally considerably cooler than any Euro- 
pean buildings. This is particularly true of the massive stone structures 
of the North-west. 

In new countries, such as Australia and America, the engineer or 
architect often experiences a difficulty in determining the durability of 
materials which he may wish to employ. Even in England this difficulty 
is not unknown, as is evidenced by the failure of the stone used in the 
construction of the Houses of Parliament ; but in India, in the civilised 
parts, wherever building material occurs, ancient temples or other native 
buildings are almost sure to be found. These furnish all the information 
which can be required as to the durability of the stone when exposed to 
the atmosphere. The other qualities in building stones — strength, ap- 
pearance, and susceptibility for ornamental treatment — can all be deter- 
mined by simple and readily applied tests, but there is no known speedy 
test of durability. The presence or absence of certain minerals, or some 
peculiarity in the structure, are causes sufficient to determine the decom- 
position, which may be more or less protracted, but which must eventuate 


* Professional Papers on Indian Engineering, Vol. I, pp. 201-2. 
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in the disintegi-ation of the stone and the consequent disfigurement, if 
not total destruction, of the building in which it has been employed. 
With examples of stonework which range in age from before the Chris- 
tian era up to modern times, the engineers and architects of India have 
thus an immense advantage over those of newer countries. 

It should be scarcely necessary to observe that the proof of a certain 
formation, affording good building stone, is not sufficient to justify the 
conclusion that all the stone of that formation is equally durable. Yet 
the passing of individual blocks of stone is under these circumstances, 
there is reason to believe, often performed in an imperfect manner. 
Cases might be quoted where ill-chosen stones have not proved equal to 
the work which might justly be expected from the material had a little 
care been used in the selection, and thus, too often, a material has re- 
ceived a bad name and evil reputation where in truth its qualities have 
not been put to a fair trial. 

Although locally, in the construction of bridges and other works, 
where stone has been employed, vast numbers of coolies have been train- 
ed so as to become very fair stone-cutters, still the number of highly 
skilled artizans is probably less than it was in former times, when the 
inhabitants of almost every district in India into which Aryans pene- 
trated erected their temples of stone. In many cases these temples, to 
the present day, exhibit admirable workmanship in the most difficult 
materials. 

To show how little has been done towards developing and rendering 
these resources of India available, it is only necessary to refer to adver- 
tisements which daily meet our eyes in the newspapers, of tombstones of 
Aberdeen granite and Italian marble. In further illustration of this, it 
may be mentioned that at Raniganj, 120 miles inland from Calcutta, 
there were to be seen, at the potteries, enormous granite mill-stones for 
crushing quartz which had travelled probably 15,000 miles to their des- 
tination, while within a radius of 20 miles several places could have been 
indicated where stone suited to the purpose oould be obtained were quar- 
ries only opened up. 

With increased facilities for carriage, by rail and canal, and with 
some modification of the traditions in favour of Public Works Department 
bricks, we may yet look forward to a time when the splendid building 
materials existing in India will be brought into more general use for our 
public and piivate buildings. And we may thus yet hope to see struc- 
tures of an ornamental and lasting character worthy of our position in 
this country. 

Granite and Gneiss. — Most of the so-called granite of India is a 
granitoid gneiss, a resultant of the excessive metamorphism of sediment- 
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ary i*ocks. To what extent true eruptive, igneous gi\EUxite occurs in tha 
peninsula is quite unknown. Granite, which, from its physical relations, 
one may venture to conclude is of truly igneous and eruptive character, 
is not, however, absent; but the physical relations accompanying ex* 
posures of perfectly unfoliated granites in the metamorphic areas of India 
are often not of a sufficiently definite character to enable one to assert 
with confidence the nature of their origin. There is no crucial test which 
can be applied to determine this question. Even microscopical examina- 
tion of the minerals is not now considered to afford in all cases an infalli- 
ble guide. These remarks seem a necessary preface to the following 
account, as travellers and antiquarians, who have described buildings, 
have often not attempted to characterise, more than by some very gene- 
ral term, such as granite or sandstone, the materials of which they have 
been constructed. Indeed by many writers the term granite is very 
incorrectly used, and it has sometimes been applied to the red sandstones 
of Northern India. 

The metamorphic rocks occupy a very considerable area in India. East 
of a line drawn from Rotasgarb on the Sone through Amarkantak to Goa, 
the greater part of the country consists of them. The younger rocks 
wliicli do occur in that area are for the most part limited to basins 
of comparatively inconsiderable size. Metamorphic rocks, not to mention 
small exposures within the limits of the great basaltic flows of Western 
India, also occur in Bundelkhand, Ciiteli, the Garo and Kbasi Hills, and 
in the Himalayas. Whether these all belong to the same age or not is a 
question of some difficulty and uncertainty. The probability is that they 
do not, but lithologically there is sufficient general resemblance to justify 
their being all classed together in this account. 

The varieties of metamorphic rocks suited to building purposes are of 
course very numerous. There are those caused by structure and those 
due to composition. By the former character they are divisible into 
foliated and non -foliated. The simplest form of the latter is a binary 
compound of quartz and felspar, or pegmatite, sometimes appealing as 
graphic granite. Then there are the ternary compounds, consisting of 
the two minerals just mentioned, with the addition of mica, hornblende, 
or talc, which are kuown respectively as granite, syenite, and protogine. 
Various modifications of these four varieties are produced by the presence 
of foreign minerals, such as oligoclase, schorl, garnet, epidote, magne- 
tic iron, &c. As building stones the dense crystalline unfoliated varie- 
ties are the most durable. The presence of garnets or of magnetic iron is 
likely to be detrimental, as these minerals, under the influence of the 
atmosphere, are apt to disintegrate, and so mar the appearance, if they do 
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Dot ultimately endanger the stability, of the edifices in which stone con- 
tflining them is employed. 

In the alluvial tracts of Bengal ancient buildings of stone are of rare 
occurrence. Towards the west, however, in the rocky districts and on 
their borders, evidence is not wanting that the art of working in stone 
was practised whenever the material was available. In the Ganges, close 
to Colgong, there are several small hills which form islands in the present 
bed of the river. These hills consist of piled masses of a very compact 
gray granite, which in olden times used apparently to be resorted to for 
material for the construction of temples. The old holes for the wedges 
arc still to be seen, and one enormous slab, which was partially split off, 
was never removed and still clings to its place. 

In Behar many temples are to be found, in the construction of which 
granite was employed. Thus at Gya some of the Buddhistical rails and 
the floorings of temples, &c., are of this material. At Barabar hill occur 
the only recorded instances in Northern India of artificial caves excavated 
in these hard rocks. In sandstones and trap, as will be seen hereafter, 
not a few instances can be quoted. Throughout the Chutia Nagpur 
division, sandstones are generally more or less accessible, so that temples 
built of granite are of by no means common occurrence. But as we 
proceed southwards along the Eastern Coasts from Midnapur through 
Orissa, the use of granite seems to have been more common. At Nilti- 
garh hill, in par^ana Ultee, in Orissa, Hindu temples and deities are 
often made of garnetiferous gneiss, as are also some large figures in the 
Black Pagoda at Puri. 

On Mahendragiri hill, in the district of Ganjam, there is a good 
example of what was not uncommonly the practice with regard to the 
construction of these temples. On the top of the hill is an unfinished 
temple, built of huge blocks of porphyritic gneiss, which on their exposed 
faces are rough and uncut . The practice appears to have been, not to 
have attempted any ornamental work until all the stones of the build- 
ing were in position and then to have pared them, so to speak, into 
shape. One of the stones in this temple had the following dimensions, 
9 feet X 3 feet 9 inches X 3 feet, which would indicate a weight of about 
8 tons. The natives get over the difficulty of accounting for such mega- 
lithic structures by asserting them to be of supernatural origin, or by 
saying that there were giants in those days.” 

In his report on the Nilgiri hills, Mr. H. Blanford^ pointed out 
Several places where excellent building stones could be obtained from the 


* Mem., G. S. 1., Vol. I, p. 244. 
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erystalUne rocks ; but not much use has been made o£ them hitherto. 
In Mysore a variety is obtained, which can be split into posts 20 feet long, 
and these have been used for the support of the electric telegraph wire. 
As readily accessible examples of the useful and ornamental purposes to 
which the gneisses of Southern India have been put, Mr. King* instances 
the following : A polished slab of quartzo-felspathic gneiss in the darbar 
hall in the Rajah^s palace at Tanjore, which measures 18 feet x 16 feet x 
2 feet inch; a small temple in the north-west corner of the Pagoda 
court at Tanjore, which is a perfect gern of carved stone- work, the 
elaborate patterns on which are as sharp as when they left the sculptor^s 
hands. Other beautiful examples of carving are to be seen at the Rock 
pagoda of Trichinopoli, at Volcandapiiram, and at the Chellumbrum 
pagoda. Even at Trivaliir near Negapatam, at the eastern extremity 
of the great delta of the Cauvery, nearly 60 miles from the nearest gneiss 
quarries, the great pagoda and tank are surrounded by walls of massive 
gneiss."’^ 

As an instance of the peculiar susceptibility of gneiss to fine carv- 
ings, the rings appended to the drooping corners of some pagoda build- 
ings may be mentioned. These rings, the links within which are move- 
able, and the projecting corners, are carved out of single blocks of gneiss, 
such as may be seen at the St ri must rum pagoda/^ 

Mr. King also mentions the use of blocks of gneiss in the construc- 
tion of walls, hands of tanks, beach groynes at Tranquebar, culverts, 
bridges, &c. 

At Mahavellipur or Mahaballipuram, in the Chingleput District, 
there are a wonderful series of temples which have been carved with an 
incredible amount of labour out of solid bosses of granite in situ. 

The ancient Druid-like remains called Karumbar rings, which are 
found in various parts of Trichinopoli, generally consist of rough blocks 
of gneiss. In Chutia Nagpur old settlements of the Kols made use of 
gneiss in the erection of menhirs and dolmens. But, at the present day, 
the Kols who erect such memorials for the most part dwell in a part 
of the country where flags of schist and slate are readily accessible, and 
they therefore do not use gneiss. 

In Madras Mr. Foote^ according to the beds of very hornblendic gneiss 
which occur at Palaverara, Cuddapary Choultiy, and Puttandalura are 
largely quarried for the manufacture of articles of domestic use as well 
as for building purposes.” Other varieties in different localities in 

» Mem., G. S. I., Vol. IV, p. 367. 

* Op. cit.y Vol. X, p. 131. 
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Madras are mentioned ; some of these have been quarried to a consider- 
able extent. One of the most singular uses to which the granitic gneiss 
of India is put is in the manufacture of agricultural c.u-fc wheels. Mr. 
Foote ‘ has described this industry as it is practised in the Nellore-Kistna 
region. They are made of various sizes up to 6 feet in diameter, the 
prices vaiying from Rs. 8 to Rs. 20 per pair. They are said to become 
seasoned and stronger by age. At the village of Kuchupudi, about 100 
pairs of wheels are cut every year. 

Except for purely local purposes, the construction of bridges, &c., 
where, upon economical grounds, the rock nearest to hand has been 
made use of, the varieties of granite, gneiss, &c., on account of their 
hardness, have not commended themselves as building materials to 
English engineers. There are, throughout the country, no British build- 
ings of importance, in the construction of which these materials have 
been used, except perhaps for rough work. 

Bassalt or Trap. — Any one who has paid the smallest attention to 
the subject is aware that the greater part of Western India, the Deccan, 
and the Central Provinces is occupied by a vast accumulation of eruptive 
rocks, which are generally spoken of as Deccan trap. From north to 
south these rocks extend from a point 100 miles south of Gwalior to the 
vicinity of Goa, and from west to east from Bombay to Amerkantak, thus 
covering an area of about one-sixth of the peninsula south of the Ganges, 
Roughly estimated, we may put down the area in which these rocks 
prevail at 200,000 square miles. On the eastern side of the peninsula 
too, rocks, which, without going into details of the mineral constituents, 
may be conveniently spoken of generically as trap, occupy a by no means 
inconsiderable area, as in the Rajmahal bills. 

From the evidence afforded by the sedimentary beds with which these 
rocks occur interbedded, those in the west appear to be referable to the 
close of the cretaceous epoch, while those of the east (Rajmahal) belong 
probably to the jurassic. 

The whole of the trap rocks which are used for building purposes are 
not, however, exclusively derived from the two above-mentioned sources. 
In many other of the recognised formations in India the trappean rocks 
occur as dykes ; sometimes these are basaltic, but in the older forma- 
tions diorites prevail. 

In the Deccan and Rajmahal areas, other rocks are not altogether 
absent, as there are not only the sedimentary, interstrati Tied rocks above 
mentioned, but also, on the outskirts, the deeper valleys occasionally 
disclose rocks of older formations. 

' Mem. G. S. I., VoL XVI, p. 106. 
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The former, however, are not generally suited for building purposes, 
and are therefore less used than trap, which, though sometimes difficult to 
cut, is, if well chosen, a most durable material, and is moreover suscep- 
tible of much delicate and artistic treatment. 

As might he anticipated in the Deccan area, from the enormous thick- 
ness of these rocks which occur, the lithological varieties are numerous. 
These varieties are due both to difPerences in mineral composition and 
degrees of compactness. With regard to the relative adaptability to 
building purposes of the various kinds of rock which are most commonly 
met with, Mr. Blanford * remarks : None of the beds containing 

zeolites, interspersed in irregular strings and veins throughout the mass> 
are good. They are too soft, brittle, and liable to decompose. None of 
the ash beds are equal in strength, toughness, or resistance to the atmo- 
sphere to the solid basalts, and no rock of a red colour should ever be 
taken for building purposes. It is almost always decomposed. Amongst 
the very best beds are the porphyritic basalts, such as those which form 
so large a proportion of the rocks on the Thull Ghat.^^ Mr. Bell*^ says : 

The best I should consider to be the bluish-green basalt, which is very 
hard and heavy, having a specific gravity about 3*0, and which rings like 
a metal on being struck.’^ 

Probably the first use to which trap rock was put in India was in the 
manufacture of stone implements or celts, of which specimens are occa- 
sionally found, in some cases far removed from the places where the rocks 
occur. To a very early period must be referred that form of architecture 
which consisted in hollowing out and sculpturing the rock in situ into 
temples and dwelling-places, of which we have magnificent examples in 
the caves of Ajanta, Ellora, and Elephanta. These caves contain sculp- 
tures and inscriptions indicative of their Buddhistical or early Brahmin- 
ical origin. Several of these caves are assigned to a period from 200 to 
150 years B. C. At Gya, according to General Cunningham, some of 
the Buddhistical rails are made of basalt, others being of granite and 
sandstone. 

Coming down to a more recent period, we find on the eastern side of 
India, trap from the Bajmahal hills made use of for lintels and door-posts 
in Hindu temples, and not unfrequently for the images contained inside. 
Trap used in this partial manner may be seen in many of the old buildings 
in the vicinity of Rajmahal and the ruined city of Gaur: occasionally, 
too, in temples in the Bardwan district. The ^ black marble^ of many 
writers is probably only this material. When covered by offerings of 

* Mom., G. S- I., Vol. VI, p. 379. 

^ Professional Papers on Indian Engineering, Vol. I, 2nd Series, p, 162. 
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ghiy it is often, without doing what in the sight of tlie people would 
be regarded as desecration, impossible to make out the material of 
which the images are made. In the famous Black Pagoda at Puri trap 
is said to have been much used; this material was probably derived 
from dykes in the metamorphic rocks. In the Deccan and surrounding 
trap country this material has been used in the construction of forts and 
native buildings of various kinds. One of the most magnificent workfiL 
in trap is stated by Dr. Balfour to be an unfinished tomb of one of the 
Gwalior Princes at Puna. 

It has been extensively used in the construction of bridges and sta- 
tions on the lines of railroad which traverse the trap country, but from 
causes for which the stone is not altogether in fault, but rather the lime 
and workmanship, the work has not always given complete satisfaction. 

In the city of Bombay trap has been used to some extent, biit chiefly 
in rubble masonry. All the finer buildings in Bombay are constructed of 
a very different material, as has been mentioned on page 465. The prin- 
cipal use to which the trap rocks of the Rajmahal hills are at present put, 
is for the supply of Calcutta with road metal. * 

Sandstones.— Several of the recognised formations in India, namely 
the Vindhyan, Gondwana, Cretaceous, and Tertiary, afford sandstones 
admii-ably suited for building, and some of them have from very early 
times been largely drawn upon for the supply of materials for this 
purpose. 

Vindhyan Sandstones. Among all the above formations the great 
Vindhyan series stands pre-eminent. The difficulty in writing of the 
uses to which these rocks have been put is not in finding examples, hut in 
selecting from the numerous ancient and modern buildings which crowd 
the cities of the North-Western Provinces and the Gangetic valley 
generally, and in which the stone-cutter^s art often appears in its high- 
est perfection. 

The Lower Vindhyans,^ consisting for the most part of shales and more 
or less flaggy limestones, and from the inaccessible position of the rocks 
in some of the principal places where they occur, as in the Son valley and 
Bundelkhand, have not been worked to any great extent. 

The Kaimurs, however, have been worked extensively at Chunar, 
Mirzapur, and Partabpur, as well as at minor intermediate points. The 

* Building materials, Bombay Island, Carter^s Geology of Western India, Bombay, 1857, 
p. 161. Building stone in Western India, Merewether. Prof. Papers of Ind. Eug., 
Eoorkee, Vol. VI, 1869, p. 180. Geology of Bombay Island, Wynne, Mem., G. S. I,, Vol. V, 
1864, p. 173. 

« Mallet, F. R. Mem., G. S. I., Vol. VII, p. 
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sandstones are in geoeral fine*-grained and of reddish-yellow or greyish- 
white colours. They occur in beds which are said to vary in thickness — 
at Partabpur, and similarly elsewhere, from 6 inches to 8 feet. These 
beds often spread for long distances without any joints or fissures to 
break the continuity, in consequence of which very large blocks can and 
have been extracted for various purposes. In the Rewah group, over* 
lying the Kaimurs, the sandstones are not so much used for building 
pui'poses. This is due partly to the beds being frequently coarse and 
harsh, and greatly subject to false bedding; partly to the fact that the 
Rewahs do not as a rule occur close to the Gangetic valley or to large 
cities. Some portions are, however, of superior quality, and supply all 
local wants.^^ Above the Rewahs come the Lower Bhanrer, which are 
described as being, for the most part, coarse, harsh, and gritty, and 
occurring only in thin beds. 

The Upper Bhanrers, however, make up for the deficiencies of the 
underlying group by affording two varieties of excellent building stone, 
one dark red, sometimes quite unspotted, sometimes streaked and dashed 
with yellowish-white spots. The other is a yellowish white, very fine- 
grained rock, perfectly homogeneous both in texture and colour. The 
latter is said to be, on the whole, the better building stone on account of 
its more uniform colouring, and its being not so liable to disintegration 
from the effects of long-continued exposure. 

Probably the earliest use to which any of the rocks of the Vindhyan 
formation were put, was in the manufacture of stone implements, many 
of which, formed of the denser indurated varieties of sandstone, have been 
found in India. There are no cave temples, or at least none of much note 
in the Vindhyan sandstones. But there are memorials of a very different 
class, many of which date from a period before which the idea of using 
stone in the construction of houses had not been entertained. At any rate, 
there are no buildings or remains of buildings which can with safety be 
regarded as belonging to so remote a period. These memorials are 
the great monoliths or Idts, many of which bear the edicts of Asoka, 
the protector of the earliest Buddhists, who reigned about 250 B, C. 
Besides these pillars he is said to have erected 84,000 Buddhist sanc- 
tuaries called stupas or topes. ^ Some of these monoliths are of great 
size, and are generally polished throughout the portion intended to be 
exposed. They were surmounted by carved and ornamented ca})itals, upon 
which figures of lions or elephants were placed. The polished portion of 
the shaft tapered uniformly from base to summit, and in every way these 
remarkable monuments testify to considerable kill in the stone-cutteris 


' Balfour’s Cycloptedia, Art. — Asoka. 
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art. Still it would appear that tiiis art was not mads use of in the ereo* 
tion of buildings, and when the first stone temples* were excavated and 
adorned a century later, the stone architecture, as pointed out and de- 
scribed by Mr. Fergusson, was a mere transcript of wooden forms/' 
showing that at that time the art of using stone for these purposes was 
only being then first adopted, and that, though the material was changed, 
the workmen continued to use the designs suited to wood. It was only 
gradually through several succeeding centuries that the forms and designs 
became suitable to the material. It is considered by the best authorities 
that the palaces, temples, and buildings generally, of those early times 
were mainly constructed of wood, as they are for the most part in Burma 
and Siam at the present day. 

As these IdU afford the most striking evidence which can be given 
of the size of the stones which are obtainable from the Vindhyan sand- 
stones, and the durability of the material, the following enumeration of 
the principal of them is appended. The details are chiefly from General 
Cunningham's Archaeological Reports. 

^ Stone Monuments, Fergusson, 1872, p. 456. 
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Plate VIII is a representation of a form of frame which is used in 
Northern India* for the purpose of lifting large blocks of stone. The first 
step in^the construction of one of these frames is to lash two strong beams 
of timber on either side of the stone ; these ai’e crossed by other beams 
and so on till they come down to the bamboo cross-bars^ each of which 
accommodates two coolies. Thus on their slioulders a large number of 
men are enabled to bear each a fraction of the weight of a very large 
mass of stone. In general terms, it is said that the weight of the 
frame is about equal to that of the mass to be lifted. That by some 
such arrangement the megalithic buildings of early times were supplied 
with stone seems very probable. Another method known to the natives 
for moving large masses of stone was to piece together very solid 
wooden wheels round the prismatic masses of stone which thus acted 
as axles. By means of strong cables worked by very crude forms of 
windlass these were made to roll in the required direction ; for a reproduc- 
tion of a native drawing of this process reference should be made to the 
paper quoted below. ^ 

The quarries at Dehri on the Son are the most eastern of all those 
which have been opened in the Vindhyan rocks. At present they are 
largely worked in connection with the Son irrigation and canal projects. 
The stone is a compact whitish sandstone susceptible of artistic treat- 
ment, and, what is of more importance for the present purpose to which 
it is put, strong and durable, ^ihe next point of importance where there 
are quarries is Chunar. The Ganges river has, during a period of at least 
2, QUO years, been availed of as affording a ready means of transport for 
the excellent building stones which are obtained from the Kaimur rocks at 
Chunar. The East Indian Railway now affords an additional means of 
transport, but is, however, not very much used for the purpose, water 
carriage being so very much cheaper. 

Benares, and other cities and towns of less note, both in ancient and 
modern times, have largely used Chunar sandstone. The gMts at 
Benares, the palaces, the walls, the minarets, and many of the temples 
are built of this material. To Calcutta a certain quantity is brought for 
paving and tombstones, &c. The only stone church in Calcutta is St. 
John^s, which is built of Chunar stone. It has also been used to some 
extent in other buildings in Calcutta, but for paving purposes, as has 
elsewhere been shown, the so-called Bardwan stone has also been em- 
ployed. 


^ SelectioiiR from Records, North-West Provinces Government, New Series, Vol. V, 
p. 316. 

* Professional Papers on Indian Enginttring, 2nd Scries, 1878, Vol. Ill, p, 1. 
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The next quarries to be mentioned are those of Mirzapur, which, 
with those of Partabpur and Seorajpur, have supplied Mirzapur and 
Allahabad with material for the construction of their buildings, both 
ancient and modern. * The stone for the Jamna bridge was, according 
to Mr. Mallet,^ obtained from some quarries a few miles up the river, 
whence it was brought down in boats. 

Prom this the limits of the Vindhyan rocks sweep southwards forming 
a great bay, and the next place where they have been worked to any large 
extent is in the neighbourhood of Gwalior, where they have been used 
in the construction of forts, temples, &c. It may be mentioned, too, that 
on the exposed clifEs of sandstone there are some carved figures of Titanic 
dimensions. 

Although, as was remarked, the sandstones of the Rcwah group are 
not generally used, still in the neighbourhood of Hoshangabad, and 
also in Sipri and Gwalior some thin red flags from J to 1 inch thick are 
much used for roofing.^^ 

Perhaps the most important quarries in India are those in the Upper 
Bhanrers to the south of Bhartpur, at Patipur Sikri, and Rupas, which 
have furnished building materials since before the commencement of the 
Christian era to the cities of the adjoining plains. Portions of the Taj 
at Agra, Akbar^s palace at Fatixmr Sikri, the Jamma Masjid at Delhi, 
and buildings generally in Agra, Delhi, and Mutra (Mathura) , have drawn 
upon these quarries for their materials. 

To quote Mr. Mallet again : The palace of the Rajah of Bhartpur at 
Deeg, which is regarded as one of the most beautiful edifices in India, 
testifies at once to the excellence of the stone employed and the skill 
attained by the stone-cutters of that district. Cupolas resting on slender 
shafts of 2 and 3 inches diameter, arches supported on strong, yet grace- 
ful pillars, windows formed of single slabs of stone perforated with the 
most elaborate tracing, meet one at every turn.^^ 

In conclusion, it may be mentioned that the sandstones both here 
and at Chunar were largely used for telegraph posts ; the facility with 
which some of the varieties split rendered it possible to obtain posts 16 
feet long of material which would resist white-ants and the action of the 
weather. These have of late years, however, been replaced by pillars of 
galvanized iron, as they were found to be liable to snap in two during 
strong hurricanes. 

Thus the ancient pillars of Vindhyan sandstone have been instru- 
mental in annihilating time by preserving in an imperishable record 

» Owen. Professional Papers on Indian Engineering, Rui-ki, Vol. II, 1865, p. 81. 

2 Mera., G. S. I., Vul. VII, p, 116. 
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In reference to the jurassic rocks of Cutch, Mr. Wynne says : The 
hner-grained slightly calcareous yellow sandstones of the lower jurassic 
group foim tolerable building stone ; and some of the close^ hard, silicious 
grit bands, though difficult to trim or dress fine, would afford a very 
lasting material for rough work Several other sandstones are locally 
used. Mr. Wynne gives a list of the different building stones used in 
Bhuj, as furnished to him by His Highness the Kao of Cutch.* 

Cretaceous Sandstones. — The Bagh beds, which belong to the 
cretaceous period, contain some good sandstones suited to building pur- 
poses. Mr. Blanford, in his report on Western India, says : The massive 
sandstone of the Deva, and those which occur throughout the country to 
the south of Allirajpiir and Bagh, would furnish excellent material. The 
gritty calcareous bed at the top, where it is not too gherty, would be well 
adapted for construction and could be easily worked.^ 

Tertiary Sandstones. — The rocks of the Siwalik and Nahan groups 
which represent the upper and middle tertiary period of Europe, are gener- 
ally too unconsolidated to form durable building stones. These rocks, as 
is well known, form the outer ranges of the Himalayas at various places 
from west to east ; but among the eocene beds better materials arc found. 
Mr. Medlicott remarks : Those stations, as Dagshai, Kasaoli, Suba- 
thu, Dhurmsala, which are built on the eocene groups of the sub- 
Hi malayan series, have an unfailing supply of good building material 
in the massive sandstone rocks. Among the older rocks there is no stone 
fit for anything but that for which rough rubble may be used. There 
are several examples of native architecture along the border of the plains, 
for which an excellent building stone was obtained from rocks of the 
Sivalik group, but it must have been found in detached blocks and dis- 
continuous bands, the mass of the rock being quite unfit for the purpose. 
Stone fit for ornamental or monumental purposes might be found among 
the thick-bedded, hard limestones of the Krol group.^^ ^ 

Quartzites. — The gradation from the loosest and most granular sand- 
stone to the most intensely vitrified quartzite is so complete that it is 
impossible to draw a sharp line of demarcation between them ; they are 
therefore placed in close proximity in this enumeration. Were the 
arrangement a purely geological one, a large portion of them would have 
to be classed with the metaraorphic schistose or gneissic rocks. 

If we except those varieties of the Vindhyan and Karnul sandstones 

^ Wynno, A. B. G(»ology of Cutcli. Mem., Q. S. I., Vol. IX, p. 03. 

2 Blanford, W. T. Western India. Op, cit., Vol. VI, p. 380. 

« Op, cU,, Vol, III, p. 175. 
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which are sometimes called quartzites, the use of rocks coming under 
this denomination has been inconsiderable. In Bengal the only instance 
known of a quartzite being regularly quarried is in the Susunia Hill in 
Maiibhum. The works there were carried on for some years by the 
Bardwan Paving Stone Company, and large quantities of the stone have 
been used in Calcutta for pavings, copings, and other similar purposes. 
There are several varieties of this material found ; in some there is a 
large proportion of felspar, which should therefore be called granulit 
rather than quartzite. 

Although these rocks have been so little used, the Bijawar or sub- 
metamorphio series, in many parts of the country, afford quartzites 
suitable for building purposes ; wherever these occur in the vicinity of 
Vindhyan sandstones, the latter will naturally be preferred, as they are in 
most instances much more easily worked. The vitreous fracture of many 
quartzites is in fact a bar to their employment where mu( h finish is 
required. Mr. Footed gives a, so far as is known, unique instance of 
the employment of this material in the manufacture of a highly finished 
monolith at Bilzi, 12 miles north-east of Kaladgi. The pillar is about 
^5 feet high. It is cut alternately in squares and octagons, the sides of 
the former at the base measuring 1 foot 6 inches. 

Laterite, — The term laterite has been applied generically to a group 
of tertiary rocks which occupy an important position in the sujierficial 
geology of India. The common character which persists throughout all the 
varieties of laterite is the possession of a ferruginous element, which is 
in the form of brown hydrated peroxide on the surface, sometimes as the 
black magnetic ore inside. The reddish-brown appearance, due to the 
presence of the peroxide, explains the origin of the name {laterlfisy a 
brick), which was first conferred upon it by Dr. Buchanan.^ 

The various forms in which laterite occurs are due to differences of 
composition and differences of structure. The combinations of these 
two qualities produce almost infinite varieties. The principal structural 
varieties are either nodular or cellular, the former being generally the 
younger, and it is supposed, in a measure, derived from the latter. The 
varieties in composition vary much in the quantity of the peroxide of 
iron which they contain, and in the character of the other materials. Both 
classes pass off into mere detrital laterite, to the ferruginous element in 
which they have no doubt mainly contributed. 

The distribution of laterite is widespread throughout the Peninsula, 

^ Mem., G, 8 . I., Vol. XII, p. 761. 

* Jicui’ac^ through Mysore, Vol. 11, p. 441. 
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India^ Ceylon, and in Burma. It occurs not only as a coastal deposit 
underneath the Eastern and Western Ghdts, but also in many parts of 
the interior, not unfrequently capjring lofty hills and plateaus with a 
thickness of several hundred feet, often producing the dead-level surfaces 
which constitute a striking feature in Indian scenery. Although perhaps 
it shows its finest development on or in the vicinity of trappean rocks, 
it occurs resting on rocks of all periods, occasionally far removed from 
any exposure of trap. 

As a building stone, though it can hardly be called ornamental, it 
possesses some qualities which render it acceptable in the eyes of the 
natives ; it is easily worked, hardens on exposure, and some varieties of it 
wear well. In the coastal districts many temples, some of considerable 
antiquity, are built of laterite and appear to have stood well. In the 
Rajmahal hills there is a small fort built of neatly-cut blocks of laterite 
without mortar. These blocks have retained their original sharp edges. 
In Midnapur and Orissa slabs of from 4 to 5 feet long are extracted by 
cutting a groove round the slab above and another underneath, a few 
wedges are then driven into the latter, and the slab splits off. This or 
a nearly similar process is used for the extraction of blocks of laterite in 
all parts of the country where it is worked by natives.^ Laterite has 
been largely used in the works in connection with the irrigation opera- 
tions in Orissa. The anient on the Kossai at Midnapur has been alto- 
gether built of this material. The stone for these purposes is reported 
to have given the engineers much satisfaction. 

Mr. King,^ in his Geology of Trichinopoli, says: Where of poor 
quality, the laterite soon crumbles away when exposed to the influences of 
weather and moisture, as may be seen in the basement of many of the 
houses in the fort of Tanjore. The laterite has there weathered away, 
leaving the walls perfectly honeycombed, and the layers of mortar, which 
are more durable, standing out as a regular net-work.^^ In a note 
Mr. Foote adds ; The laterite in this case was in all probability badly 
selected, for in all my subsequent observations of this stone as a build- 
ing material, it would appear that continued exposure to atmospheric 
influences, or wet, as in the case of tanks or bowries, only tends to im- 
prove the stone. Most of the religious edifices and tanks constructed of 
this stone show the lines and angles of the carvings as sharply as though 
fresh from the builder^s hands. 

Mr. H. Blandford ^ also remarks : At Andanapet I noticed some 

» Mem., G. S. I., Vol. I, p. 277- 

2 Op, cit.y VoL IV, p. 372. 

3 Op. cit., p. 206. 
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carved blocks forming part of an old ruined pagoda, the mouldings of 
which were as perfect as when first cut. Owing to its porous structure, 
however, laterite is but little fitted for fine scnlpture.^^ 

The Vellouranicutat Chetia-tope, near Bhowagiri, in the Triohinopoli 
district, is partly built of laterite. Dr. Balfour gives the Arcade Inquisi- 
tion at Goa, St. Mary^s Church, Madras, and the old fortress at 
Malacca, as examples of its use in the construction of buildings by 
Europeans.^ 

Slate. — True slate, as the term is usually accepted, is a homogeneous 
rock, which, owing to the presence of the superinduced structure, termed 
cleavage, is almost indefinitely fissile. By far the majority of the so- 
called slates of India do not possess this property ; they are fissile, but 
the planes correspond to those of lamination, i, e. of original deposition, 
and the splitting cannot be carried to such an extent as to produce very 
thin, or in most eases even tolerably thin slates. The consequence is 
that for sloping roofs they are not generally well adapted, being heavy 
and requiring proportionately strong timbering. Even where locally an 
exceptional degree of fineness of texture and capability of sub-division is 
present, this cannot bo counted on to extend through a large mass in the 
same way that the effects of cleavage are discernible through a great 
thickness and wide extent of rock. 

Thick laminated slates, which are not suitable for sloping roofs, may 
of course be employed for flat roofs and for paving instead of tiles. In 
this way, owing to their strength, they may be used of much larger size 
than would be safe to give to tiles, and stretching from beam to beam 
they may actually cause a great economy in timbering, and the concrete 
which is laid upon tiles might, where slate was used, be very considerably 
diminished. Another advantage of the use of large flag-like slates would 
be that as the number of joints are diminished the chances of leakage 
are likewise lessened and so also the consequent cost for repairs. 

Madras : Mysore State. — A slate suitable for drawing purposes is 
found in the neighbourhood of Chitaldrug, and a chlorite slate is also 
said to occur in Mysore, but whether it is applied to roofing purposes is 
not stated.^ 

Kadapah and Kamul Districts. — In these districts slates occur, 
to which a good deal of attention was directed about twenty years ago. 
The splitting with the planes of lamination only produces tolerably thin 
slates, which are not suitable for roofing, but would answer for flagging 

^ Balfour, Cyclopaedia, Art. — Laterite. 

* Mysore Administration Report (1868-69), Statistics, p. 4. 
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and similar purposes ; bat in order to obtain neat slabs much improvement 
in the quarries and methods of splitting: would be required. ^ 

Bengal : Kharakpur Hills. — In the transition ro(*ks of the Kharak- 
pur hills there is a band of slates^ from 6 to 12 feet thick, which is trace- 
able for many miles on the northern margin of the hills between 
Rishi-kund on the east and the Gouria and Amrasannl kols on the west. 
Being for the most part vertical, it can only be worked by steps on the sides 
of the bills, or by actual mines. A cheap system of open quarrying seems 
to be wholly inapplicable to the circumstances of the deposit. For many 
centuries this slate has been worked by the natives more after the 
fashion ordinarily practised with reference to veins of metallic ore than 
to deposits of slate; the petty mines and quarries serve to produce 
an amount of slate which is equal to the demand, but the cost is certainly 
high. 

The slate is a partially altered earthy rock, which is readily fissile 
with the plains of lamination ; with pains and care it can be reduced to 
a thickness of one-eighth of an inch ; but its surface is scaly and rough, 
and it would require much grinding and polishing to make it suitable for 
drawing upon ; ordinarily at the quarries the slates are from J to ^ an 
inch thick. For flagging it would probably answer fairly well, but its 
chief employment is for roofing instead of tiles, and a large quantity is 
so used at Monghyr and the neighbouring towns; curry platters, &c., are 
also made from this stone to some extent. 

The following are the rates paid to the bildars or quarrymen by the 
present contractors 


Slates . 

, 


12" X 4" 

c 

annas per 100, 

1* • « 



12" X 6" 

8 
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12" X 12" 

12 
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18" X 9" 

14 

it if 

if • 

. 


18" X 18" 

18 

if if 

Round platters 

in diameter 

1' X 3" 

10 

annas for six. 


A ghatage ot 2 auiias per 100 is charged by the zemindar. 

Much improvement might be made in the rude and wasteful system 
of mining, but whether it would pay to do so must depend upon the 
demand, which as yet has shown no tendency to expand, as tiles are very 
much cheaper. 

Ohutia Nagpur, Manbhum and Smghbhum.-~Tn these dis- 
tricts flaggy laminated slates occur in many places in the sub-metarnor- 


^ Mem., G. S. 1., Vol. VllI, p. 283. 
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phic rocks ; but as yet they have not been worked as there is no local 
demand. With a little polishing, slates suitable for drawing upon can be 
made from the rough material obtainable near Chaibassa and some of 
the varieties are fine grained and equal to, if not better than, the Khar- 
rakpur slates. In some cases a regular cleavage structure was found, but 
it was not apparently accompanied by obliteration of the lamination, and 
the slates therefore break up into slips with a rhomboidal section. ^ 

Central Provinces. — Slates with imperfect cleavage occur both in 
the Chanda and Chindwara districts, but as yet they do not appear to 
have come into use.^ 

Berar. — In the pargana of Patan Biri in the Wun taluk, slate is 
said to occur, but the extent of its applicability to useful purposes is not 
known.® 

Rajputana: Alwar State.— -According to the Alwar Gazetteer'^ 
slates are found at Bilaspur in Ramgarh ; but at Mandan in the north-west 
corner of the State, the chief source of supply is situated. There are, how- 
ever, but few families of workmen, as the slates are only in demand for 
European buildings, such as railway works, churches, and schools. These 
slates doubtless belong to the Arvali series of transition rocks. 

Bombay. — There are several early papers in which there are descrip- 
tions of varieties of slates found in the South Mahratta country, and in 
the most recent account of this region by Mr. Foote,® in which many 
varieties of building s!x)nes are alluded to, mention is made of slates be- 
longing to the Kaladgi series, as having been worked formerly for roofing 
public buildings at Belgaum. 

In the Champanir rocks between Surajpur and Jambughora, north- 
east of Baroda, there are some slates which, as far as can be judged from 
their appearance at the surface, were considered promising by Mr. W. T. 
Blanford.^^ 

In the Bijawar series near Bagh there are also some slates which are 
not so fine grained as the preceding, but some of which might perhaps 
answer for roofing purposes. 

Afghanistan. — Dr. Lord, in his account of the Geology of Afghan- 
istan, mentions the existence of an enormous band of black roofing slate 


1 Mem., G. S. I., Vol. XVIII, p. 150. 

2 Administration Report, Central Froviuces, 1866 -G7, p. 80. 

3 Berar Gazetteer, p. 27. 

^ Page 85. 

^ Mem., G. S. I., Vol. XII, p. 262. 

® Op, cit, Vol. VI, p. 217. 
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which he says extends from Attock to the longitude of Bamian^ 100 miles 
west of Kabul. ‘ 

Punjab : Simla and Gurdaspur Districts. — According to Mr. 
Medlicott'^ the variety of slate obtained along the flanks of the Dhaoladhar 
and used at Dalhousie and Dharmsala has proved of first-rate quality for 
roofing purposes. It is readily fissile, dresses well, and can be obtained 
of considerable size. It is a highly silicious rock of pale-gray colour, 
and is not so fine as ordinary slate ; it is therefore inapplicable to some 
of the purposes to which the latter is put. A sample of Dalhousie slate, 
exhibited at the Lahore exhibition, was 12 feet long and 4 or 5 feet 
wide.^ 

The slate, which is extensively used at Simla, is in every way inferior 
to that from the Dhaoladhar. In Jaunsar'** and other parts of the hills 
there are also slate quarries. Slates are also obtainable in Attock, Ab- 
bottabad and Spiti. 

Gurgaon District. — In a special paper on the slate quarries of this 
district, Mr. Crawford CampbelD has described the principal localities as 
they appeared in the year 1867. They are situated at Pali, Maneti, Re- 
wari, and Papri near Petungura. The quarries at Maneti were con- 
sidered to contain the best roofing slate. How far Mr. CarapbelPs 
suggestions have been acted upon, or how far the slate has proved equal 
to the high quality he ascribes to it, is not known. 

North-West Provinces; Kumaun: Chiteli. — At this locality 
there is a quarry from whence some slate W'as raised with which it was 
proposed to roof buildings at Banikhet and elsewhere. It is a distinctly 
laminated slate, and is coarser, heavier and more silicious than Welsh slate. 
Slabs of a foot square and quarter inch thick are obtainable easily and in 
abundance.^ But the quarries were not being worked in 1877, so that 
the demand must be small 

Mr. Atkinson^ states that there are slates to be had at Dhari in the 
Bel Patti of Gangoli, in Borarao Patti, Suit Patti, and in Naini Tal. In 
Ijohba in Garhwal a thin dark-blue slate is procurable, but it is appar- 
ently inferior to that at the Chiteli quarry. 


Indian Review, Vol. Ill, p 315, 

Mem., G. S. I., Vol. Ill, Pt. II, p. 176. 

Punjab Products, p. 56. 

Plane, Captain. Trans. Roy. As. Soc., Vol. I, p. 61. 

Professional Papers on Indian Engineering, Vol. IV, p, 257. 

Hughes, T. W. H. Records, G. S. I„ Vol. Ill, p. 43. 

Economic Mineralogy of the Hill Districts, Pamph., Allahabad, 1877, p. 36. 
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Darjiling District. — It has been supposed that a good roofing slate 
could be obtained in this district, but the best pieces seen by Mr. Mallet' 
were not more than a few inches in length and quarter inch thick, be- 
sides which the material is too brittle to trim well on the edges. Flag- 
stones for flooring purposes could probably be obtained in some locali- 
ties. 

1 Mem., G. S. I., Vol. XI, p. 90. 



556 GEOLOGY OF INDU-~LITHOGEAPHIC STONES. [Chap. XVl. 


CHAPTER XVL 
MISCELLANEOUS. 

LiTHoanAPHiC Stones — General Remarks — Madras — Bellary— Karnul — Bengal — Behar — 
Bewail — Central Provinces — Raipur — Rajputana — Jesalmir — Bombay — Kaladgi — Pun- 
jab. Millstones — Genaral Remarks — Bengal — Behar — Bombay — Kalatlghi — Cuteb. 
Grindstones — General Remarks. Pottery Clays and Kaolin — General Remarks — 
Madras — Tricbinopoli — South Arcot — North Arcot — Chingleput —Mysore — Mangalore 
—Orissa — Bengal — Colgong — Bardwan — Rajmahal Hills — FaiTukhabad — Bombay — 
Sind — Punjab — Darjiling — Assam — Burma. Eire Clay — General Remarks — Bengal 
— Raniganj — Burma, Brick Clays — General Remarks. Fuller’s Earth — General 
Remarks — Bengal — Bhagulpur — Rajputana — Ajmir — Bikanir — Bombay — Sind — Pun- 
jab — Dera Gliazi Khan — Multan — Salt Range. Soils. — General Remarks. 

Lithographic Stones : General Remarks. — Limestones suitable 
for lithographic purposes are not of wide distribution ; the combination of 
qualities requisite are not often found united. The best stones are com- 
pact and uniform in texture, and are free from veins, flaws, and spots; they 
are generally of light colours, for although stones of dark colour can 
be used for certain purposes, for others it is necessary that the lithogra- 
pher should have a light ground to work upon. 

At present the principal supply of the world is obtained in quarries 
in the oolitic rocks of Solenbofen near Munich, and in Pappenheim on 
the Danube.^ 

The introduction of lithography into India is claimed by Mr. T. N. 
Rind^ to have been accomplished by him in 18^2. He was afterwards 
put in charge of the Government Lithographic Press. Its applicability 
to the reproduction of native writing, where types were not available, led 
to its extension and wide adoption all over the country, and the number of 
presses, the majority of which are worked solely by the natives, must 
be very considerable at the present moment. The great cost of stones 
imported from Europe early led to trials being made of stones of indi- 
genous origin, which it was hoped would supplant the European stones ; 
and it seems probable that the idea which was at one time held by 
Indian geologists that the Viudhyan rocks were of liassic age served 
to encourage the hope that a suitable material would be found. As a 


^ Economic Geology by D. Rage, p. 222, 
* Gleanings in Science, Vol. 1, p. 295. 
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matter of fact, most of the limestones which were tried belonged to some 
one or other of the more or less altered series of transition rocks. They 
proved to be, even when consisting of nearly pure carbonate of lime, hard 
and splintery, and some of them contained free silica. They are difficult 
to dress and polish, and though some of them were shown to suit well for 
simple transfers of writing, &c., the fact that they are not used, at least 
to any appreciable extent, while high prices continue to be paid for 
European stones, is the strongest argument against their being of any 
substantial value. The jurassic and younger rocks of Jesalmir, Cutch, 
and the Punjab may include a 'suitable material, but there is not much 
prospect of one being found elsewhere. 

Madras. — Limestones suitable for lithographic purposes are said to 
have been obtained in several of the districts of the Madras Presidency, 
namely, in Bellary, Karnul, Guntur, and MasuHpatam. * 

Bellary. — In the year 1827 a sample of stone from Bollary was 
reported upon by Colonel Garrard as being fully as suitable as, if not 
even superior to, those which had hitherto been exclusively obtained from 
Germany. In the only other notice of this rock it is stated, however, 
that the presence of quartz crystals renders it unsuitable for lithogra- 
phic purposes. 

Karnul District, — Stone obtained in the valley of the Tuiigabliadra 
was also reported on by Colonel Garrard, who stated that it was harder 
than the German stone, and that if suitable ink were used, impressions 
nearly equal to copper- plates could be obtained ; subsequently stones for 
numerous publications were used by Colonel G. B. Jervis of the Bombay 
army, and were said to answer admirably. 

The stones from Dachepalle in Guntur and Jagiapetta in Masuli- 
patam were also favourably reported on ; and Dr. Balfour'-^ mentions a 
limestone from a hill near Dyda in the Palnad, as being suitable for 
lithographic purposes. 

In all these localities the limestones belong to the more or less meta- 
morphosed Kadapah or Karnul series, and they are therefore harder, 
more splintery, and less tractable than the European stone. Doubtless 
they might answer for some purposes, but they would be difficult to 
trim ; it might even be necessary to saw them into shape, 

Bengal : Behar ; Rotasgarh. — The limestones of the Lower Vin- 
dhyan series attracted attention at an early period ^ as possibly affording 
a suitable material for lithography, but they are not sufficiently pure 

* Selections from Records, Madras Goveniment, No. II, p. 38. 

2 Op, di,, Vol. XXIX, p. 80. 

3 Gleanings in Science, Vol. I, p. 55. 
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and homogeneous to be depended on, and are moreover of dark colour, 
and are also too thin. ^ 

Rewah. — Some very small samples, of apparently the same age as 
the above, were forwarded in 1843 by Captain Sbortrede from Boorwa, 
2 miles south-east from Raipur, which is 12 miles from Rewah on the 
road to Mirzapur. They were favourably reported on by Mr. Black of 
the Asiatic Lithographic Press, who, however, asked for larger samples, 
which it does not appear that he ever received.® Further research in 
this region was made by Captain Stewart in the year 1844, and samples 
were tried in the lithographic press at Allahabad, but the results appear 
to have been unfavourable.*^ 

Central Provinces : Raipur District.— Stones of a serviceable 
kind have been found in Raipur, and in 1866 they were being used at the 
Raipur Jail Press.^ These stones were doubtless also of Lower Vindhyan 
age. 

Rajputana: Jesalmir State. — Of all the suggested substitutes of 
indigenous stone for that imported, a yellow limestone obtained in the 
Jesalmir State appears to have been of greatest promise. It is now over 
fifty years since attention was first directed to it by Captain Boileau,® 
who was one of the first of the long list of military men who have 
interested themselves in the mineral resources of the country, and who 
have contributed so many important papers to the literature of the 
subject. 

A very full account of this stone is given in the Gleanings in Science,® 
and a very fair sample of printing from it is reproduced. It is stated 
that it was not suited for fine chalk drawings, but could be used for all 
other purposes with the ordinary materials. The chief point dwelt 
upon is the method of polishing which it was found necessary to adopt. 
This was a more elaborate process than the one necessary in the case of 
European stones ; it appears to have been caused by the difference in 
composition, while the latter are argillaceous limestones ; the Jesalmir 
stone had, according to Mr. Prinsep, the following composition • 

Calcium carbonate ...... 97*6 

Yellow-earth resembling bole . . . . 2*6 

100*0 


» MaUet, F. R. Mem., G. S. I., Vol. VII, p. 113. 

^ Jour. As. Soc. Bengal, Vol, XII, pp. 1027 and 1121. 

3 Op, Ht, Vol. XIII, p. 60. 

^ Administration Report, Central Provinces, 1866-67, p. 80. 

^ Gleanings in Science, Vol. I, p. 65 ; and Indian Review, Vol. Ill, p. 4, 
® Idem, p. 107. 
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Moreover being in a semi-crystalline condition it was hard and brittle, 
and hence arose the difficulty in producing a uniform polished surface; 
the ordinary deek stone and pumice were not capable of effecting this^ 
and accordingly rubbers of lac and corundum, coarse, medium and fine, 
had to be employed ; the actual polish was given with calcined peroxide 
of tin. 

Bombay : Kaladgi District. — ^In the limestones of the Kaladgi 
and Bhima series, which are the local representatives of the Kadapah and 
Karnul rock beds at Bagalkot and Talikot, certain beds supposed to be 
suitable for lithographic purposes, attracted the notice of Captains 
Newbold and Aytoun, and other early observers. They were tried both at 
Madras and Bombay, and the results were not satisfactory. According 
to Mr. Foote, no demand has arisen for them.^ 

Punjab. — According to Mr. Baden-Powell, indigenous lithographic 
stones are in use in the Punjab, but they are somewhat soft, and where 
great sharpness of delineation is required European stones are preferred. 
The latter are sold at high prices by weight, so that the discovery of a 
really good stone would be of great value. 

It would seem, judging from the geology, that in the Salt-range 
and in Cutch, there are better chances of finding a limestone suitable 
for the purpose than anywhere else in India. 

In one of the early accounts a lithographic stone from Thibet is 
mentioned, while it is by no means improbable that a suitable material 
might be found there ; the example referred to was merely a piece of 
slate or schist with letters cut in relief, and which was supposed to have 
been used as a printing block ; not improbably it was merely one of those 
pieces of stone with the mystic Buddhistical ^ Om ^ inscription, which 
are familiar to all travellers in the Himalayas. 

Millstones : General Remarks. — The usual conception of a mill- 
stone is that it should be a hard, tough, coarse, silicious sandstone or grtt, 
and these characters have become perpetuated in the term millstone grit, 
which has been conferred upon a group of rocks underlying the coal- 
measures. In the absence of sandstones or grits many other rocks, such as 
quartzites, gneiss, granite, and trachyte, are used, and this is particularly 
the case in India owing to the cost of carriage of the best stones to 
distant points. As a general rule within the rocky tracts of India the 
natives, if they happen to belong to those sections of the population who 
use ground meal, have shown considerable intelligence in selecting the 


‘ Mem., G. S. I., Vol. XII, p. 265. 
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material best suited for the pui^pose, and rude quarries, which have been 
worked from time immemorial, are generally to be found in such regions. 

Where hard and tough rocks are not to be found, softer ones are used, 
with the natural result that the meal or flour when ground contains a 
greater or less amount of grit and dust; 

Information regarding the actual sources where millstones are obtained 
in the different districts of India is very incomplete, but as the subject 
is one of very minor economic importance, this does not very much 
matter. 

As a rule factories at the Presidency towns import the millstones 
they require from Europe, and it will be long before India will produce 
anything equal to tlie Burrstones, which have to a great extent super- 
seded the ordinary millstones. 

Excluding the inferior qualities of millstones made from gneiss, 
granite, &c., the oldest rock which is used for this purpose is a kind of 
arkose or grit, which occurs in the older transition rocks. The Vindhyan 
series affords a variety of materials of different degrees of density and 
texture. Among the Gondwana rocks the Barakar grits are perhaps the 
most largely employed, and in many of the coal-fields they are quarried 
rudely at the surface for this purpose, 

Bengal: Behar: Kharakpur hills: Jutkuttia. — A quarry has 
been worked for many years at this locality in a bed of coarse arkose, 
which presents some resemblance to the true millstone grits, but the 
origin of its component minerals from crystalline rocks is more directly 
and prominently apparent. 

The bed is of considerable thickness, and being in a vertical position 
and much jointed it can be readily worked. It is believed that stones 
cut here supply a considerable area in Monghyr and the adjoining 
districts, but the trade is apparently not an extensive one. 

Bombay : Kaladgi District.— Some very thick-bedded sandstones 
oT the Kaladgi series, which are seen at Gudur, Parvate, and Guldegudd 
and elsewhere, appear to be thoroughly well suited for the manufacture of 
large millstones, according to Mr, Eoote,^ who recommends an experi- 
mental trial of them. 

Outch. — Mr. Wynne ^ alludes to several rocks in Cutch which furnish 
tough millstones. They are silicious grits, which occur both in the 
Jurassic and suh-nummulitic groups, aud a very similar rock of nearly 
black colour is found in the tertiary beds at Karimori hill ; they are also 
obtained near Chundeeya, west of Anjar. 

* Mem., a. S. I., Vol. XII, p. 262. 

* Op. ciL, Vol. IX, p. 91. 
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* pzindstoxies * Gtoneral Remarks.— This term is generally applied 
to sandstones of homogeneous texture, but of which there are different 
degrees of coarseness according to the purpose for which they are required ; 
not only are they employed lor setting and sharpening tools, but for 
cutting glass and stones, &c. Under the more general term of grinding 
materials are included such substances as corundum, &c., which are gene- 
rally used for special purposes when the highest degree of hardness is 
required, but in some parts of India hones made of a mixture of lac and 
corundum are used for very ordinary purposes, such as sharpening cai*pen- 
ters^ and farriers^ tools. These hones are indeed in some respects similar 
to the patent knife-sharpeners which have of late years been introduced 
from America. 

A very complete list of materials for grinding, sharpening, and 
polishing, which occur in Southern India, was drawn up some years 
ago by Dr. Balfour, but regarding the rest of India there is little in- 
formation available. As yet the indigenous sources of supply have been 
little drawn upon in European factories and government establishments. 

In villages situated in the rocky tracts of India the villagers have 
generally some favourite rock in situ of the most suitable character 
which the neighbourhood affords, where they sharpen their tools and 
weapons. Not a few travellers, on seeing the grooved surfaces produced 
thereby, have been puzzled at first sight to account for them. 

Pottery clays and Kaolin: Q-eneral Remarks.— Information 
regarding the pottery clays of India is far from complete. The resources 
of the country in this respect have been but little availed of by the 
natives, who, as is well known, are little acquainted with the higher 
branches of the potter^s art. There is in fact practically no demand in 
India, beyond the limits of the larger towns, for any but the very coarsest 
descriptions of earthenware ; these, together with vessels of metal, stone, 
and temporary platters of leaves, supply all that is required for the culi- 
nary arrangements of all but a very small fraction of the inhabitants of 
Northern India. The coarse earthenware vessel, which costs but a trifle, 
can be broken after using, and the vessels of metal and stone can be 
purified by fire. This being so, there is no great prospect of glazed 
pottery being used extensively in India until caste superstitions and 
ideas about defilement have been swept away. There is probably no part 
of the world, not excluding remote oceanic islands, where the use of glazed 
pottery is less known than is the case in many parts of India. In parts 
of Madras the large Native Christian population affords, however, a 
limited market for such wares ; and they are also used to some extent 
by Mahomedans. 

L I 
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The coarse earthenware above alluded to is made of clays which 
contain so much iron and lime that at a moderately high temperature 
they are fusible. Sometimes pottery is made from a black clay contain- 
ing much organic matter, and such vessels are capable of sustaining 
higher temperatures, but are apt to warp and crack. As a substitute 
for glaze on ordinary ware, mixtures of fine clays which adhere after 
heating are sometimes used, but they are rather of the nature of paints 
than true glazes, being soft, and they are easily scratched with a pin. Of 
this nature is a composition used in Bengal on the earthen vessels used 
by sngar-boilers. This shows a capability on the part of the natives 
for evolving a process which is capable of providing them what is just 
barely sufficient for their actual requirements but no more. 

. Articles of glazed pottery, which possess considerable merit from an 
artistic point of view, are produced in a few widely. separated localities in 
India, the princii)al of these being Madura in Southern India, Sind in 
Western India, and in the Punjab. The artistic merits of the productions 
from these several areas have recently been discussed by Dr. Birdwood, 
to whose work‘ the reader is referred for details ; but the following is a 
rtsnnd of information as to the principal varieties of fancy pottery made 
in India. lied earthenware of Travancore and Hyderabad, in the 
Deccan, the red glazed pottery of Dinapore, the black and silvery pottery 
of Azimgarh in the North-West Provinces and Surajgurha in Bengal 
(Bhagalpur), the imitation hidri of Patna and Surat in Guzerat, tho 
painted pottery of Kota in Rajputana, the gilt pottery of Amroha, also 
in llajputaua, the glazed and unglazcd pressed pottery of Madura, and 
the glazed pottery of Sindli and the Punjab.'"'' 

Trichinopoli District. — The cretaceous rocks of Tricbinopoli yield, 
according to Mr. H. Blan£ord,2 several line clays well adapted for the 
manufacture of pottery. No use of these is made by the natives whose 
sole idea here, as in most other parts of India, is to manufacture pottery 
out of a coarse ferruginous clay. Pelspar and kaolin are obtainable in 
different parts of the district ; the former might be obtained from the 
granitic ridge north of the Can very free from quartz and in considerable 
abundance. A pipe clay, which when ground and kneaded works well, 
forms a thick bed between Terany and Kauray. 

South Arcot District. — In the South Arcot district a fine plastic 
clay occurs in the Cuddalore beds near the south bank of the Guddalum, 
opposite to Puurutti, and is exposed in the road leading southward from 
that place. It contains small quantities of lime and iron, the latter giving 

* Industrial Arts of India, p. 135, 

Mem., G. 8. 1., Vol. IV, p. 211, 
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it a pinkish tint, which becomes darker on burning. It is soft and ex- 
tremely tenacions.^^ 

North Arcot. — The granitic rocks of this district are decomposed to 
a certain extent, and would yield a certain but, in Mr. Footers * opinion, 
not a very considerable supply of kaolin. The decomposition does not 
descend to a great depth, the kaolin is much stained by infiltration of 
ferruginous matter from lateritic soils above, and a supply of pure water 
for washing, free from saline matter, would be difficult to obtain. 
White goblets are manufactured in Arcot and enjoy some reputation,^ 
but the source of the clay is not known. 

Ohingleput District. — The beds of theRajmahal series afford inex- 
haustible supplies of very fine pottery clays, more especially at Sriper- 
matur, and in the valley of the Attrampakkam nala.* From the 
beds exposed at Coopum near Perumalput, a supply has been taken for 
the use of the School of Arts in Madras, where some very good pottery 
was turned out under Dr. Hunter^s direction. The natives make no use 
of these clays. 

Mysore State. — Forty years ago Captain Campbell drew attention 
to the kaolin earth of Mysore, which he stated extended from Bangalore 
to Nandydrug. When mixed with equal weights of pounded quartz 
Captain Campbell^ found it possible to make with it crucibles which 
stood well, and were but slightly affected by a heat sufficient to fuse cast- 
steel. 

Other clays are apparently not abundant, and such ware as is made 
in Mysore, though skilfully manipulated, is brittle from not being sub- 
jecied to sufficient heat. It is considered that if these clays were 
mixed with the kaolin and properly used, much improvement would 
follow. Specimens of a white clay are said to have been favourably 
reported on by Mr. Minton, but the others were too impure to bo of much 
value ; the former has been manufactured into cornice bricks and mould- 
ings, &c.^ 

Mangalore District,— In the year 1841, Dr. Christie® discovered 
in association with the laterito, a few miles to the north of Mangalore, an 
extensive deposit of what he conceived to be a pure porcelain clay re- 
sembling that of Limoges in France, and from which the Severes China 

1 Records, G. S. I., Vol. Xll, p. 207. 

2 Campbell, Capt. J. Cal. Jour. Nat. Hist., Vol. II, p. 280; Balfour’s Cyclopsedia, 
Art. — PotUjry. 

Foote, R. B. Mem., G. S. 1., Vol. X, p. 132. 

^ Jour. As. Soc. Bcuf^al, Vol. X, p. 163. 

* Mysore and Coor;^ Gazetteer, Vol. II, p. 4. 

* Jour. As. Soc. Bengal, Vol, X, p. 067. 
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ifi made. There does not appear to be any more recent information as to 
this deposit. 

Orissa — In the rocks of Rajmahal ag*e, at Kukkur and Naraj, on 
the Mahanadi, beds of white clay occur, which would very probably afford 
a suitable material for pottery. These clays are used by the natives for 
ornamenting their houses and dressing leather. 

At various places under the coastal laterite beds of lithomarge occur, 
some of which arc fairly white, but others are stained by percolation 
of ferruginous matter from above. Such a bed is to be seen at Midna- 
pur under Gop house.^ 

Bengal. — In the year 1 839 the Honourable Court of Directors for- 
warded a despatch regardingtbe heavy expense incurred in supplying arti- 
cles of common earthenware from Europe, especially to the Medical Depart- 
ment, and directed that an attempt should be made to procure an efficient 
substitute in India. The improvement of native pottery was to be the 
chief object in view in any experiments which might be undertaken. 
The experiments were undertaken by Dr. O^haughnessy at the labora- 
tory of the Medical College in Calcutta, and are fully set forth in the 
report and correspondence published by him,^ The clays operated on 
had been received from Colgong, Uhotasgarh, Maulmain, Madras, and 
Singapur, the last being the best. Various trials as to the most suitable 
glazes were tried, the best proving to be one consisting of borate of lime. 

The varnish or imperfect glaze, which has been above alluded to as 
being used for the sugar-boilers^ pans, known as holaB, is thus described 
by Mr. Piddington. There are two kinds of earth used, one of which 
is called heluiti ; it is a silicious and ochreous earth, the best being found 
8 or 9 coss from Kulna. By levigation it is prepared for use, the 
process lasting, it is said, 15 days. The other earth is called ooporomee 
and is a tenacious loam. The best was obtained at Monad, 10 coss west 
of Chinsurah, and at Panchdowki, 8 coss south-west of Kulna. Its 
preparation is said to take three months, and only 10 seers are obtained 
from one maund of the earth ; two varieties of this ooporomee are gad 
and majaree. Successive layers of mixtures of gad, heluiti, and ooporomee 
are smeared on the sun-dried common red ware, which is then burnt and 
glazed at one firing. This varnish is capable of resisting great heat and 
a very penetrating solution like that of sugar. 

Rajmahal Hills. — In several parts of the Rajmahal hills there are 
beds of white silicious clays belonging to the Barakar coal-measures, 

1 Mew., G. S. I., Vol. I, p. 279. 

^ Bengal Dispensatory and Pharmacopoeia, p. 700. 



tvhich are suitable for the manufacture of many articles of hard pottery, 
and which with proper treatment would afford suitable material for fire- 
bricks. This clay is white with slightly pinkish tint, and bums to a 
creamy white; by the addition of a more tenacious clay it can be made 
suitable for higher qualities of pottery.^ The supply at Patharghata on 
the Ganges, at Lohandia and several other localities, is practically in- 
exhaustible ; pottery works have from time to time been in operation at 
Patharghata for the manufacture of drainage pipes, &c. In the younger 
rocks of the Rajmahal group certain clays, called khari by the natives 
and which are used by them as pigments, would also probably yield useful 
materials for pottery. According to Buchanan the potters of Rajmahal 
used this khari for giving a white surface to pottery made of ordinary 
clays. 

Oolgong—Clay from this neighbourhood, which was reported 
favourably upon by Dr. O'Shanghnessy, is of the same age and character 
as that at Patharghata ; by admixture in the proportion of 4 to 1 with a 
sort of fuller's earth called sahun mitti, which is also found there, a clay 
yielding pottery which possessed strength, hardness, density, and infusi- 
bility was obtained. Not only was beautiful biscuit- ware made from it, 
but also admirable fire-bricks, crucibles, &c. 

Further to the west in the Ganges valley, at Monghyr, Chunar, 
Azimgarh, &c., black pottery is manufactured from clays obtained from the 
alluvium. Sometimes the clay itself is of dark colour, sometimes a wash 
or varnish is applied to the })ottery before baking, but the principal source 
of the blackness is the smoke which arises from oil-cake thrown into the 
kiln when the baking is completed. The ornamental objects manufactured 
at these localities are generally adorned with rude devices, which are 
produced by rubbing an alloy of tin and mercury into etched surfaces. 
Some of this pottery is intensely brittle, and is therefore not suitable for 
rough usage. 

Bardwan District : Raniganj. — At Raniganj there is a pottery, 
which is unique in Bengal at the present moment, and, so far as is known 
to the contrary, in the whole of India, in being the property of a European 
Company and in being carried on according to European methods. It 
has proved the means of demonstrating the applicability of many varieties 
of clay obtainable in that vicinity to the manufacture of earthenware of 
various qualities, and also of fire-bricks, tiles, drainage pipes, &c. 

The clays which are used are chiefly obtained from the coal-measures 
in the neighbourhood, and consist of more or less decomposed shales ; a 


* Oldham, Dr. T. Jour, As. Soc. Bengal, Vol. XXIV, p. S81. 
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white lithomarge is obtained under laterite at a point about 12 miles 
north-east of Bankura. A certain amount of kaolin would be obtainable 
from this area, but to what extent it has been collected is not known. 

Farrukhabad District : Fathegabh — About the year 1838 Mr. 
Julius Jeffreys ^ established pottery works at Fathegarh, which, in so far 
as the articles manufactured was concerned, attained a very considerable 
degree of success. From the varied nature of the articles manufactured 
it is apparent that a considerable variety of materials were available, and 
that the operations were under skilled management. Besides a variety 
of ordinary stoneware, fire-bricks, fire-tiles, glazed tiles, &c., &c,, were 
produced and were most favourably reported on. 

Bombay : Sind. — The glazed pottery of Sind is made principally 
at Hala, Hyderabad, Fatta and Jerruck, and the encaustic tiles at Bulri 
and Saidpur, according to Dr. Birdwood, in whose volume the manufactur- 
ing details will be found. With regard to one of the raw products, the 
oxide of cobalt, which is used for producing the rich blues, it may be said 
that its occurrence in India is not so widespread as is sometimes supposed, 
being in fact limited to certain mines in Rajputana (see page 324-). 

Punjab. — According to Mr. Baden-Powell, the pottery clays of the 
Punjab principally consist of a grey clay which burns red ; there arc 
also, however, clays which burn to a yellowish white or cream colour ; 
these are obtained in Dera Ghazi Khan, Dera Ismail Khan, and Kohat. 
As yet no material suitable for terracotta has been obtained. The 
subject of bringing down kaolin from tlie decomposed granite in the 
Himalayas has been discussed, but the cost of carriage has been found 
to be too great. Very full details of the different classes of pottery 
manufacture, as practised in the Punjab, will be found in Mr. Baden- 
PowelPs works. ® 

Delhi District, — There are kaolin mines at Kussumpur ; and a short 
distance to the south of it in the Delhi hills, north of the Kutub minar, 
they consist of pits sunk in dykes of decomposed granite. By leviga- 
tion the quartz and mica are removed, and the kaolin is pressed into 
cakes, and is chiefly used for whitewashing, but also possibly for ceramic 
purposes. Another mine is situated at Buchara near the Lota river in 
the Alwar hills.® 

Daijiling. — Some of the beds in the Daling series decompose into a 
white clay, which Mr. Mallet ^ considers would be suitable for pottery. 
There is a quantity of this material near the right bank of the stream 

> Cal, Jour. Nat. Higt., Vol. II, p. 693 ; and Vol. Ill, p. 152. 

^ Punjab Products and Punjab Manufactures. 

3 Records, O. S. I., Vol. XITT, p. 249. 

^ Memoirs, G. S. I., Vol. XI, p. 90. 
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at the debouchure of the Sakkam river. A shailar material is said to 
be used in Sikkim for whitewashing. 

Assam. — It may be of interest to state that there are two inde^ 
pendent references to an apparently considerable deposit of pure kaolin, 
which is found in one or more localities in the extreme north-east of 
Assam. The first mention is by Mr. Bruce/ who gives the locality as 
Bhramakhuncl. The second is by Colonels Dalton and Hannay,® who 
mention the Dora stream, which is a few miles below Parghat, 8 miles 
below Bhramakhund. Four miles up fhe stream a thick deposit was 
found, which rested upon white quartz, and had apparently been de- 
posited by the river. It is termed ruJcniani-pitha by the natives. There 
can of course be no immediate prospect of this distant source of supply 
being drawn upon ; but the fact is worthy of record. A fine white clay, 
apparently of good quality for pottery, occurs very extensively near the 
base of the cretaceous rocks at the western end of the Garo hills.^ 

Burma. — According to Mr. Theobald,^' the ordinary alluvial clay of 
the province, mixed with water and sand, affords the material for ordinary 
pottery and bricks ; but a dark-coloured seam in the Irawadi valley is 
much sought for by potters. Some of the upper beds in the nummu- 
litic group are said to consist of China clay, and would answer well for 
pottery on account of their freedom from iron. Kaolin is found in several 
parts of Tenasserim,® as might be expected, being derived from the 
extensive decomposition of the granite which has yielded the tinstone. 
Several deposits, believed to be of considerable extent, are situated on 
the banks of the Great Tenasserim river. 

In the neighbourhood of Bassein and of Bheelang on the Sitang 
(Tsittoung), excellent clay is found and worked into highly ornamental 
vessels, whilst Gnyoung-beng-shiep near Maulmain, and Twante and 
K won- Khyan -goon in Rangoon, are noted for their jars and pots.''^ The 
Bassein pottery has a tracery applied in relief, and consists of grotesque 
figures of plants and men, &c. 

Coarse forms of pottery for salt-boiling and for domestic purposes 
are largely manufactured in many districts as required from the local 
alluvial clays. 

Fire-clays : General Remarks. — Fire-clays derive their name from 
their refractory nature, — that is to say, from their capacity to resist 
very high temperatures, without fusing, ftisuring, or alteration of shape* 

' Jour. As. Soc. Bengal, Vol. II, p. 438. 

Mem., G. S. I., Vol. I, p. 91. 

3 Records, G. S. I.. Vol. VII, p. 61. 

^ Mem., G. S. I., Vol. X, p. 341. 

® Gazetteer of British Burma. 
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The essentia] qualities of ordinary fire-clays are that they should be as 
nearly as possible free from lime, iron, and alkaline earths, all or either 
of which promote the fusion of silica. 

Highly refractory bricks, for special purposes, have been made from 
aluminous dolomites, but in the ordinary fire-clays silica and alumina, 
in the proportion of nearly 3 to 1, are the principal constituents, alkaline 
earths and combined water being the principal other solid constituents ; 
hygroscopic water, often exceeding 10 per cent., is present. 

Although it may be possible to build houses with bad or indifferent 
bricks, it is quite impossible to carry on many metallurgical and other pro- 
cesses continuously without the aid of durable and refractory fire-bricks ; 
great damage may be caused to valuable machinery by the failure of 
inferior bricks to resist high heat ; attempts at economy in that direction, 
therefore, may cause serious loss. Hence it is that fire-bricks with known 
brands have been largely used in India, in spite of their high price. 

In view of the rapidly increasing number of manufactories in this coun- 
try, in which fire-bricks and crucibles are largly employed, it is obvious 
that the production of perfectly trustworthy fire-bricks is of not inconsi- 
derable importance. 

In England the best source of fire-clay is the floor or under- clay, 
which is frequently found underlying coal seams, and in India similarly 
situated clays appear also to afford the best material. It is probable that, 
with proper manipulation, some of the pottery clays mentioned on previous 
pages would afford perfectly refractory materials. Such was found to be 
the case with the Colgong clay experimented on by Dr. O^Shaughnessy ; 
the bricks and crucibles which were manufactured from it were considered 
to be equal to the articles imported from Europe. English fire-bricks cost 
then (1840) in Calcutta, Rs, 10 a hundred, while it was estimated that 
with the Colgong clays bricks could be made, with a fair margin of profit, 
for Rs. 2-8 a hundred. The chief localities where fire-bricks have been 
made in India are situated in the coal-fields. 

Raniganj. — For some years back, at the Bengal pottery belonging to 
Messrs. Burn and Company, efforts have been directed to the production 
of thoroughly refractory fire-bricks, and it is believed that these efforts 
have met with a considerable degree of success. Some samples were 
subjected to very severe tests at the Calcutta Mint in 1875 ; although 
they had answered well in ordinary cupolas, the tests were applied in 
order to ascertain whether they would stand the more heavy work of a 
blast furnace. The trials were made under the supervision of Messrs. 
H. B. Medlicott and T. W. H. Hughes^; the first results were not 


^ Records, G. S. I., Vol. VIII, p. 18. 
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completely eatisfactory, but subsequently, after cert>ain defects ia the 
manufacture had been removed, the bricks stood the tests perfectly, show- 
ing no sign of cracking or vitrification. Subsequently these bricks were 
used in the blast-furnaces of the Bengal Iron Works Company, and, it is 
believed, proved satisfactory. 

The principal material used in their manufacture was a slightly car- 
bonaceous under-clay obtained from the coal-field, but other materials in 
or in the neighbourhood of the field were also employed. In the Karhar- 
bari coal-field, fire-clays have been found in the coal-measures, and have 
been used in the manufacture of bricks for cupolas, furnaces, coke ovens, 
&c. At Barwai fire-bricks were made, but as the iron works were closed 
before the manufacture of iron commenced, they can scarcely have been 
properly tested. 

Promising-looking fire-clays are found in the Chanda or Wardha 
coal-field.^ 

Burma : Maulmain. — A fire-clay, believed to be of good quality, is 
found near Maulmain.* 

Brick-Olays ; General Remarks. — Since the time, in the early part 
of the century, when it was thought necessary to import bricks into India 
from England, the fact has come to be generally admitted that clays, 
suitable for the manufacture of bricks, are to be found in most parts of 
the country. This discovery was, however, scarcely a new one, since there 
are in many regions in India buildings in which bricks, some of very 
large size, have been used, and which are known to be of high 
antiquity. 

As a rule Indian-made bricks do not bear a very high reputation for 
strength or durability ; but it has been demonstrated that good bricks 
can be made, and it seems probable that in many cases where the bricks 
are bad, the system of manufacture, rather than the material, is to 
blame. Of course there are some clays so impregnated with lime kankar 
nodules that without grinding they are inapplicable to the manufacture 
of good bricks. In the neighbourhood of most of the large rivers in 
India clays are, however, to be found tolerably free from these impurities. 

The largest brick factory in India is situated at Akra near Calcutta, 
where from 20 to 30 millions of bricks are turned out annually. This 
factory belongs to Government, and the bricks are supplied to the depart- 
ments at fixed rates, and at somewhat higher rates to outsiders. 

Most of the accounts of brick-making in different parts of India 

j Mem., G. S. L, Vol. XIII, p. 114. 

* Cal. Jour. Nat. Hist., Vol. II, p, 696. 
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are made up of technical details regarding the manufacture, and there 
seems to be little information of a character suitable for reproduction 
here. 

Fuller’s Earths General Remarks. — Being of detrital origin fuller^s 
earth does not possess a definite chemical composition, but in general 
terms it may be described as a soft unctuous silicate of alumina. It 
derives its name from having been used in the ^ fulling ^ of woollens ; 
though it is still largely employed for this purpose other detergents are now 
more generally used. In India, fuller^s earth is employed in the washing 
of cloths which are used in the manufacture of lac, indigo, &c., and 
doubtless for many other purposes. It is believed that earths of this 
nature afford the principal part of those which are used as a comestible. 
The practice of earth-eating is widespread over the world, and though 
there is not much information available on the subject, in reference to 
India, the fact is known that these edible clays from different localities 
are to be had in most Indian bazaars, and it seems possible that the 
practice of eating them is not limited merely to pregnant women, as is 
sometimes stated. 

The probability is that, once acquired, the habit is not easily given up. 
Saucer-shaped chips, about 2 inches in diameter, of partially baked clay, 
for eating, are sold in the Calcutta bazaar ; they are said to be made by 
potters a few miles to the north of Calcutta. 

As to the distribution of fuller^s earth in India the information is 
very incomplete ; but ib is known to be carried for long distances from 
certain localities where it does occur. It docs not appear to be mentioned 
in any of the accounts of Madras. Heyne^ mentions having found some 
in Hyderabad, but gives no particulars. 

Bengal *• Bhagalpnr Division. — As already mentioned in connection 
with the khari or pottery clay of Colgong, a sahun miti or soap-earth is 
obtained in that neighbourhood. Under the name Rajmahal mitti a 
comestible earth is sold in the Calcutta bazaars, the precise source of 
which is not known. 

Rajputana : Ajmir District. — According to Dr. Irvine'^ a fuller^s 
earth used to be obtained near Ajmir in fissures of quartz and schistose 
rocks with carbonate of lime. 

Bikanir State. — In the Gazetteer^ of Bikanir, Major Powlett states 
that the muUani miiii or fuller^s earth, which is excavated at the village 

» Tracts, p. 273. 

Toptigraphy of Ajniir, 

3 Page 97. 
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of Meth near Kolatli, g*lves employment to 25 persons, who receive three 
annas a camel-load, while the State takes Rs. 1-8, It is said that about 
two thousand camel -loads are taken away in the course of the year, but 
Major Powlett thinks this may be an under-estimate, as in two days he 
met seven or eight hundred camels laden with the mitti on their way to 
Sirsa, where it sells for Re. J a maund. 

Bombay : Sind. — In some parts of Western Sind, according to Mr. 
W. T. Blanford, ^ a pale-greenish clay is found which is used for washing 
clotli, &c. It is also eaten by pregnant women. 

Punjab : Dera Ghazi Khan and Multan Districts. — According 
to Captain Pollock, 10,000 maunds of a clay resembling fuller's earth is 
imported annually from the interior of the Suleman range ; it is used for 
the same purposes. 

With reference to Multan, Lieutenant Corhyn writes that the so- 
called multani mitli is not produced in Multan itself, but three qualities 
are imported as follows : — 

(1) . — White mitti, called khajru or edible, from Bikanir and Jesalmir, 

in quantities of 1,000 maunds, value Rs. 1,000. 

(2) . — Yellow mitti or bhakriy used for dyeing clothes, from same loca- 

lities, in quantities of 1,000 maunds, value Rs. 875. 

(3) . — Light-green or for cleaning the hair, from Vadur in 

the Dera Ghazi Khan District, 200 maunds, value Rs. 150. 

Salt-range : Nilawan. — A lavender-coloured clay ash or decomposed 
rock, which is found with volcanic rock at the above locality, is used as 
fuller's earth by the natives according to Mr. Wynne. 

Soils : General Remarks. — To do full justice to so large a subject 
as this would require a very considerable amount of space owing to the 
variety of soils and the extent of the areas over which they are spread. 
Among the agricultural classes of India, numerous sub-divisions of soils 
are recognised and possess a nomenclature of their own. The differences 
have a very material influence on the revenue of the country, and hence 
revenue and settlement officers have had to pay a good deal of atten- 
tion to the subject, and some of them have discussed it according to 
scientific miethods; but the available information is very unequal ; for the 
most part it is accessible to those seeking for it, in the local Settlement 
Reports and G azetteers, so that no useful object would be attained by 
attempting to give a curtailed abstract here. 

1 Mem., G. S. T., Vol. XVIT, p. 195. 

2 Punpil) Products, p. 21. 

3 Mem., G. S. I., Vol. XIV, p. 300, 
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APPEN 


Slaiement of^ the Quantity and Value of the principal Mineral Productions 




1879-80. 

1878-79. 

1877- 


. , 














Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

SULPIIUB. 



Rs. 


Us. 


United Kingdom 

. Cwt. 

12,034 

72,380 

20,179 

1,26,448 

21,726 

France 


... 

2,741 

18,185 

283 

Arabia • 


769 

6,465 

748 

6,912 

909 

I*er8ia 




809 

14,063 

1,648 

Other countries 

• »> 

616 

3,445 

85 

299 

233 

Total 


13,319 

81,290 

24,562 

1,64,907 

24,799 

Akbenic. 







United Kingdom . 

. C^vt. 

lOi 

2,006 

693 

13,718 

414 

Austria , 

• *> 

88 

1,251 

389 

6,139 

188 

China 


69 

1,144 

928 

14,989 

212 

Turkey In Asia 



114 

2,630 

132 

Other countries 

* »> 

39 

865 

82 

2,244 

190 

Total 

. 

300 

6,266 

2,206 

38,720 

1,136 

Coal and Coke (not including Patent 






Fuel). 







United Kingdom 

, Tons. 

613,576 

99,42,620 

452,326 

84,70,057 

680,196 

France 

yy 

1,226 

22,726 



1,000 

Germany . 

. 

7,064 

1,27,994 

’i850 

65,560 

2,226 

Italy 


8,509 

68,639 

6,480 

1,00,737 

597 

United States and South America „ 

375 

4,500 

401 

1 6.015 


Ceylon 

yy 

284 

6,183 

2,648 

45,868 

*'*788 

Australia 

• 

49.128 

9,05,357 

6,993 

1,12,213 

15,643 

Other countries 

• 

8,135 

66,667 

1,637 

28,725 

709 

Total 

• » 

678,297 

1,11,33,685 

473,335 

88,29,165 

601,169 

Bobax. 







United Kingdom 

Ceylon 

. Cwt. 

34 

922 

15 

340 

12 

Total 

• » 

34 

922 

15 

840 

12 
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DIX A. 

imported into British India, and the Countries from whence they ate imported. 


re. 

1876-77. 

1876-70. 

1874-76. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Rs. 

1,48,085 

1,852 

5,281 

18.235 

1,469 

20,072 

’ 649 
1.006 
707 

Rfl. 

1,40,841 

“’ 3,143 

'15, .340 
6,857 

13,264 

986 

386 

2,196 

2,077 

Rs. 

92,173 

[5,918 

1,828 

16,559 

13,998 

6,231 

*3,837 

1,969 

Rs. 

80,819 

*1*8,060 

11,815 

1,74,922 

22,334 

1,65.181 

18,909 

1,30,476 

11,037 

60,694 

9,393 

3,164 

3,485 

2,470 

2,676 

65 

60 

247 

105 

18 

1,248 

1,014 

4,503 

8,583 

365 

1 laformiition 

not available 

for years pr 

ior to 1876-77. 

21,188 

645 

10,713 







97,94,557 

15,500 

30,884 

10,371 

11,321 

2,04,370 

12,320 

610,459 

1,111 

600 

421 

2,146 

552 

798 

3,592 

91,71,605 

20,589 

7,000 

9,192 

85,660 

7,345 

8,670 

63,884 

i 

370,087 i 
156 

241 ; 
130 
676 
6,130 
1,724 

64,64,725 

2,520 

’4,818 

2,215 

13,795 

82,564 

28,935 

346,109 

“’660 

“*787 

4,114 

4,652 

675 

66,99,387 

11,880 

14,715 

84,029 

81,535 

18,081 

1,00,79,323 

619,579 

93,13,945 

379,144 

66,99,572 

366,997 

68,04,627 

314 

146 

1 

8,235 

48 

11 

444 

Informatic 
for years pi 

> n not available 
ior to 1876-76. 

314 

147 

3,283 

11 

444 
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GEOLOGY OP INDIA. 


Sfafement of the Quantity and Value of the principal Mineral Productions h) 



1873-74. 

1872-73. 

1871- 

Countries wheneft imported. 






Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 


yuLrnuK. 

United Kingdom . . Cwt. 

Franco .... „ 

Arabia .... ,, 

Persia .... „ 

Other countries . . „ 

7,000 

‘*’324 

2G1 

Ks. 

40,534 

1*460 

1,473 

13,218 

4,738 

1^002 

134 

Rs. 

78,370 

28,420 

’4*510 

627 

14,303 

2,302 

’^999 

1,017 

I'OTAL 

7,686 

43.467 

19,092 

1,11,927 

21,621 

Arsenic. 






United Kingdom . . Cu t. 

Aufstria .... ,, 

China .... „ 

Turkey in Asia . . „ 

Other countries . . „ 



Info 

rmationnot 

available for 

Total . „ 






Coal and Coke (not including Patent 
Kuel). 






United Kingdom . . Tons. 

Franco .... ,, 

Germany ... „ 

Italy .... 

United States and South America „ 
Ceylon .... „ 

Australia ... „ 

Other countries . . „ 

1 330,295 

5,()70 
1,710 

**798 

207 

14,677 

640 

69,01,694 

1,25,523 

32,667 

13,129 

4,566 

3,09,271 

13,413 

302,190 

17.903 

1,613 

”'441 

218 

1,511 

762 

47,80,548 

1,21,290 

22,695 

*7,243 

4,518 

29,494 

13,629 

360,950 

454 

6,007 

i,386 

^,917 

453 

Total . „ 

359,903 

74,00,263 

324,638 : 

49.79,417 

874,167 

Borax. 






United Kingdom . . Cwt. 

Ceylon .... 

] 


Info 

rmation not 

available for 

Total . „ 
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ported into Brittsh India , and the Countries from whence they are contd. 


72. 

1870-71, 

1869-70. 

1808-69. 

1867-68. 

Value. 

Quantity. 

Value, 

Quantity. 

Value. 

Quantity. 

Value. 

.Quantity. 

Value. 

Rs. 

87,485 

20,454 

19,780 

4,784 

\ Inform a 

Ra. 

bion not ava 

ilablo for 

Es. 

years prior 

to 1871- 

Rs. 

72. 


Rs. 

1,32,492 










. 

>enr» prior 

to 1876- 

77. 
















49,02,050 

7,140 

70,200 

274,098 

1,241 

45,22,293 

14,892 

321,419 

415 

1 

I 

51,75,599 

5,080 

! 

335,291 

1,512 

69,12,305 

34,571 

377,549 

83,69,322 

17,85] 

85,017 

5,017 

*304 

8,942 

936 

4*963 

1,04,092 

24,123 

400 

420 

12,007 

1,702 

6,520 

9,125 

2,20,205 

29,240 

9,257 

2,807 

1.8^739 

28,960 

7,782 

1,70*516 

51,47,941 

286,181 

40,70,903 

337,023 

64,44,775 

348,927 

71,58,635 

385,331 

85,39,838 


GEOLOGt OP INDIA. 


Statement of the Q^nantity and Value of the principal Mineral Productione m 


Countries whence imported. 

1879-80. 

1878-79. 

1877- 

Quantitjr. 

Value. 

Quantity. 

Value. 

Quantity. 

Chalk and Lime (not separately dis- 






tiiiguished). 










Rs. 


Rs. 


United Kingdom . , 

Cwt. 

8,823 

8,826 

9,903 

7,059 

53,463 

Ked Sea .... 







Arabia . , , , 


19,083 

6,175 

66,836 

30,972 

17,420 

Ceylon .... 


... 

• . f 

... 

... 


Persia .... 





... 


Other countries 


15,833 

6,293 

6,258 

3,423 

i,629 

Total 

»» 

43,739 

19,294 

70,996 

41,454 

72,512 

Precious Stones and Pearls (Unset 






diamonds cannot bo diatinguislied). 






United Kingdom 



1,59,040 


59,463 


Prance .... 



7,205 

• »* 

1,670 

... 

Red Sea .... 

. 


... 

... 


... 

Africa .... 



1,070 


1,380 

... 

Aden .... 



77,475 

,,, 

40,395 

• •• 

Arabia .... 


«•« 

4,27,850 

... 

8,76,230 

« . . 

Ceylon .... 



91,802 

... 

4,226 

... 

China .... 



58,399 


79,505 

... 

Persia .... 



6,62,147 

... 

7,11.550 

... 

Straits Settlements . 



68.872 

... 

25,663 

... 

Other countries 



8,939 

... 

14,950 


Total 

• 

... 

16,52,799 

... 

13,16,032 

... 

Saltpeter. 







United Kingdom 

Cwt. 

3 

49 


... 

... 

Ceylon 







Straits 


c - 

... 


2 

... 

Other countries 


) 





Total 

$> 

3 

49 

... 

2 

... 

Salt. 







United Kingdom 

Tons. 

305,990 

66,58,461 

231,082 

61,39,113 

227,345 

Prance .... 


3,440 

72,003 

2,675 

37,700 

1,974 

Germany .... 


7,081 

1,85,756 

4,395 

1,02,477 

1,921 

Italyr .... 

f) 

7,781 

1,39,283 

7,936 

1,26,368 

10,254 

Mediterranean Ports 




... 

... 

... 

Ked Sea 



... 



... 

Africa .... 

yy 

£o73 

42,654 

*8,858 

76,995 

2,205 

Arabia .... 


24,687 

6,06,088 

20,753 

3,97,160 

9,434 

Ceylon .... 

yy 


... 

2,060 

32.509 


Persia .... 

yy 

1,277 

21,775 

1,419 

23,335 

1,092 

Other countries 

yy 

9 

401 

13 

472 

6 

Total 

yy 

352,238 

76,25,321 

274,180 

69,86,119 

254,231 
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ported into British India, and the Countries from whence they are imported—oovXA^ 


78. 

1870-77. 

1876-76. 

1874-76. 

Value. 

Quantity . 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Rs. 


Rs. 


Rs. 


Rs. 

13,880 

181,794 

54,503 

27,697 

14,238 

... 

8,137 

9,898 

20,853 

iT,084 

13,260 

4,800 


6,861 


2,315 

1,916 

6,431 

... 

6,019 


1,890 

5,657 

i ,()63 

3,339 

913 

106 

140 


... 

24,841 

208,301 

68,416 

47.484 

25,197 

... 

22,636 

34,001 


76.002 


29,882 


44,219 

6,850 

... 

1,000 


46,400 


1,820 

s ’, 1 <10 


3,400 


50 


*2,000 

25,775 


1 6,250 


33,200 


80,250 

8,20,705 


6,21.500 


4,38,950 

... 

38,025 

30,810 


5,210 


4,741 


3,670 

37,132 


93,875 


69,805 

... 

84,266 

9,31,540 


7,65,550 


7,60,050 


13,68,855 

13,58] 


8,090 


10,513 


11,790 

31,158 


63,114 




11,800 

19,40,848 


16,43,891 


13,93,591 


15,96,694 






Informatio 

ti not avnilahle 






I'ur ytiH-rs 

previous to 


13 

373 

6 

107 

187.5-76. 



13 

373 

6 

1 ' 

107 

1 


35,80,053 

255,772 

36,80,994 

306,385 

49,71,776 

249,957 

68,31,884 

20,821 

4,590 

58,794 

5,718 

86,387 

1,241 

33,773 

42,769 

1,471 

24,431 

1,326 

22,245 

1,110 

32,016 

1,85,228 

13,619 

1,96,327 

26,390 

5,21,509 

12,897 

3,36*555 

29,910 

4,057 

50*871 

*226 

4,715 


• •• 

1,32,584 

16,050 

2,10,881 

19.261 

3,04,660 

7,620 

2,07,674 

1,913 

26.086 




16,123 

1,293 

60,338 

179 

3,830 

68,064 

4,251 

1,16,591 

167 

5 

1 

2,115 

29,987 

8 

221 

40,13,655 

298,776 

43,08,901 

365,261 

60,09,343 

277,084 

76,67,714 


M I 
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Statement of the Quaiiiity and Value of ike principal Mineral Froduciions im 


Countries whence imported. 

1873-74. 

1872-73. 

1871- 

Quantity. 

Vlaao. 

Quantity. 

Value. 

Quantity. 

Chalk and Lime (not separately dis- 






tiiiguished). 








Rs. 


Rs. 


United Kingdom . . Cwt. 


46,391 

... 

28,143 


Kcd Sea .... „ 


5!,S17 


8,338 


Arabia .... „ 






Ceylon .... „ 




2,467 


I’ersia .... ,, 

.. 

i,900 


3,450 


Other countries . . „ 


695 


90 


Total . „ 

... 

61,803 


37,488 


Preoiottb Stones and Peahls (Unset 






dianiond.H cannot be distinguished). 




Quantity n 

ut available 

Ibiifed Kingdom .... 


18,465 


12,346 


France 


3,730 


... 


Ked Sea ...... 


32,350 


21,200 


Africa ...... 


5,350 


62,214 

... 

Aden 


66,900 


72,375 


Arabia 






Ceylon 

... 

6,663 


32,250 


China ..... 


99,402 


1,67,975 


Persia ...... 

... 

11,01,025 


13,49,880 


Straits Settlements .... 

*»• 

47,322 

... 

55,083 


Other countries .... 


567 


4,000 


Total 

... 

13,84,774 


17,67,353 

... 

Saltpetre. 






United Kingdom . . Cwt. 

) 





Ceylon ... „ 

Straits ... „ 



Info 

rmation not 

available for 

Other countries . . „ 

) 





Total . „ 






Salt. 



1 



United Kingdom . . Tons. 

212,319 

73,70,788 

233,294 

71,15,326 

262,448 

France .... „ 

1,239 

33,717 

6,168 

1,67,993 

1,921 

Germany ... „ 

1,301 

24,016 

1,215 

21,556 

2,111 

Italy .... „ 

... 





Mecliterranean Ports . „ 

10, .383 

2,71,755 

6,890 

1,87,658 

*2ioi8 

Itcd Sea ... „ 

16,565 

4,50,873 

17,367 

4,72,781 

35,416 

Africa .... „ 



54 

1,480 

... 

Arabia » . . . „ 

... 





Ceylon .... „ 





178 

Persia .... „ 

7*286 

2,0(),304 

1o!261 

2,79,726 

2,467 

Other countries . . „ 

122 

2,090 

1,498 

40,611 

290 

Total „ 

279,245 

83,53,543 

276,747 

82,87,030 

306,889 
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ported into British India, and the Countries from tohence they are imported — contd. 


72. 

1870-71. 

1809-70. 

1808-69. 

1887-68. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity, 

Value. 

Quantity. 

Value. 

Rs. 

21,42G 

2,470 


Rs. 

23,159 

7,752 

... 

Rs. 

26,.579 

6,234 


Rs. 

26.082 

13,562 

... 

Rs. 

1 Details 

6,737 

2,182 

1,089 


*6,429 

22,277 

2,868 

«%• 

*6*855 

12,813 

1,200 


^254 

3,826 

611 


> not 

j available. 

33,004 


62,485 

... 

61,681 


46,335 

... 

14,111 

for years j) 

rior to 18 

75-76. 







81,607 

15,477 

4,250 

12.008 

36,750 


4,186 

*3,100 

56,170 

67,880 

... 

45,673 

95,446 

27,900 

... 

87,470 

37,690 

1,50,154 

79,450 


4,650 

6,311 

14,950 

1.06,169 

1,03,067 

1,01,925 

14,02,350 

04,459 

10,300 

... 

6,070 

1,79,595 

9,06,990 

62,408 

3,500 


2,08,400 

13,96,895 

40,471 

10,449 


2,06,000 

9,78,934 

24,346 

250 

**• 

1,150 

1,96,460 

11,99.125 

19,060 

480 

17,14,396 


12,68,899 

... 

19,15,133 

... 

15,14,294 


16.51.302 

years previ 

ous to 18 

75-76. 
















79,02,253 

52,304 

85,492 

193,348 

6,830 

4,033 

62,60,533 

1 ,40,982 
1,07,389 

237,348 

6,670 

68,32,168 

61,559 

241,685 

3,337 

1,156 

60,09,252 

59,635 

62,584 

212.782 

3,438 

62,17,299 

69,462 

64,033 

9,63,662 

22,701 

6,0*3^277 

10*’g77 

1,58*783 

... 

... 


... 

4,850 

67,597 

8,058 

1,693 

”* 5 

46,088 

”*649 

4,062 

14,962 

109 

28!514 

4,17,404 

2,524 

1,428 

18,550 

140 

6*1,549 

4,98,576 

21,105 

3,187 

25,732 

147 

68,766 

4,23,058 

6,148 

91,39,149 

227,610 

71,58,918 

272,818 

75,00,952 

266,566 

72,92,701 

246,286 

67,74,738 
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Statement of the Quantity and Value of the principal Mineral Productions im 


Countries whence imported. 


1879-80. 

1878-79, 

1877- 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Petkolkfm (Mineral Oils). 









Rs. 


Ra. 


United Kingdom 

Gals. 

459.728 

3 , 24,489 

358,444 

2 , 86,138 

152,725 

Austria . . . , 


... 


53,965 

47,168 

116,860 

Afriea . , . . 




21,472 

13,879 

22,868 

America 


7 . 200.154 

43 , 19,023 

3 , 020,310 

21 , 07,907 

1 , 750,628 

Straits Settlements . . 


228,004 

1 , 75.096 

308,327 

2 , 50.647 

233,071 

Other countries 


361 

471 

13,156 

11,373 

129,253 

Total 


7 , 888,247 

48 , 19,079 

3 , 775,674 

27 , 17,112 

2 , 405,405 

Stokk and Maebli!: (Building stones, 






millstones, grindstones, &c., cannot 






bo distinguished). 







United Kingdom 

Cwt. 

2,404 

24,628 

5,855 

33,331 

16,271 

Prsince .... 







Italy .... 

n 

8,995 

61,606 

6,451 

45,122 

14,879 

Mediterranean Ports 

99 





... 

Aden .... 



... 




China .... 


^200 

2.942 

863 

^729 

935 

t-itraits Settlements 

»> 

555 

1,818 

2,915 

4,116 

745 

Other countries . . 

99 

3,269 

2,390 

582 

648 

52 

1 

Total 

» 

17,423 

93,414 

16,666 

85,946 

32,882 

Gold (Coin and Bullion) 







United Kingdom 



30 , 21,033 


20 , 55,819 

... 

Prance 



2 , 40,711 


22,094 


Other countries in Europe 



4 , 01,311 


1 , 08,500 

... 

( Eastern Coast of 



2 , 99,609 


1 , 72,767 


) %.ypt 



26 , 20,564 

... 

17 , 58,138 


Africa ./ Mauritius . 



100 




1 Keiinioii 



... 



... 

( Other ct)untric8 . 





”*727 


Aden 


1 * • 

1 , 61,818 


2 , 00,952 


Arabia 



11 , 46,536 


10 , 46,143 


Ccvlon . . . . . 



2 , 86,414 


3 , 79,167 

... 

China . . . - . 



1 , 18 , 41,692 


83 , 29,790 

... 

Persia . . . . . 



16,418 


13,180 


Straits Settlements , 



2 , 91,531 


1 , 37,138 


Turkey in Asia .... 



95,718 


1 , 16,713 


Sing;>poro . . . . 







Red Sea ..... 



... 



... 

Australia . . . , 



80,414 


2 , 89,367 


Other countries 





... 

... 

Total 


... 

2 , 05 , 03,929 

... 

1 . 46 , 30,495 

... 
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ported into British India, and the Countries from whence thef/ are imporfed-^conidi. 


78. 

1876-77. j 

1876-76. j 

1874-76. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantify. 

Value. 






Quantity 

not available 






before 

1875-76. 

Rs. 


Ra. 


Ra. 


Ra. 

1,51,220 

63,071 

81,087 

29,139 

25,780 


28,565 

1,40,1 7« 

61,096 

71,357 

• •• 



... 

22,251 

1,840 

2,700 

... 



6,400 

16,37,000 

809,191 

3,18,898 

636,675 

3,76,961 


7,49,580 

2,1 5,094 

10,454 

11,820 

43,6.54 

31,451 


* • • 

04,864 

2,871 

4,705 

12,162 

12,071 


14,530 

22,67,582 

439,123 

4,91,173 

621,530 

4,46,272 

- - - 

... 

7,98,076 

72,311 

19,299 

85,211 

8,125 

28,058 


38,300 


50 

2,176 




1,014 

90,255 

9,573 

57,758 

2,114 

i3,872 


• •• 

... 


... 


31,971 

f •« 

19,215 

ib,909 

4,024 

2,815 



5,485 

1,979 

16,018 

1,099 

6,824 


6,783 

3,821 

979 

3,459 

122 

1,719 


1,270 

777 

7,417 

2,585 

792 

2,137 

... 

6,321 

1,72,049 

58,548 

1,78,116 

17,176 

65,425 

... 

84,659 

20,30,027 


48,06,659 


26,72,281 


45,46,211 

30,808 


1,12,424 

... 

44,645 


2,08,555 

05,335 I 


51 ,900 


30,590 

... 

33,150 

2,10,743 


2,92,245 


98,900 


29,02,014 

... 

18,64,007 


6,90,813 

1 




1,100 

... 

60,000 

... 

2,97.974 



”b,500 


1 


2,27,143 


2,30,700 

... 

2,’77,197 


, 2,76,800 

8,19,190 


12.89,573 

... 

16,26, .333 

... 

20,59,017 

8,08,978 


5,29,257 


13,25.717 


10,66,832 

84,52.123 


40,60,289 

... 

1,03,29,817 

1,57,875 


1,08,35,838 

39.030 


1,11,594 



8,03,362 

3,13,852 


2,80,468 

... 

3,65,870 


2,30,867 

1,08,905 


6,23,123 

... 

6,02,111 

... 

2^4,219 


2,80,276 

... 

2^81,662 


6,03,757 

... 

... 

... 


... 

... 

30,000 

1,57,89,273 

... 

1,44,37,115 

... 

1,83,63,811 

... 

2,08,92,363 
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Statement of the (Quantity and Valve of the principal Mineral Froductione im 


Countries whence imported. 

1873-74. 

1872-73. 

1871- 

Quantity. 

Value. 

Quantity. 

Vaulo. 

Quantity. 

Petroleum (Mineral Oils), 




Quantity n 

ot available 



Bs. 


Ks, 


United Kingdom . . Gals. 


87,063 


45,992 


Austria .... ti 





... 

Africa .... ,, 


7,475 


31,013 


America ... % 


2,29,271 


1,99,703 

... 

Straits Settlements . . „ 




1,792 


Other countries . . „ 


27,462 


6,732 


Total . „ 

... 

3,51,271 


2,85,232 

... 

Stone and Marble (Building stones, 




Quantity 

cannot he 

millstones, grindstones, &c., cannot 






be distinguished). 






United Kingdom , . Cwt. 


72,756 


53,740 


France .... „ 


6,367 

... 

7,792 


Italy .... 




... 


Mediterranean Ports . „ 

... 

22,806 


13,782 


Aden .... ,, 






China .... „ 


6,171 


12,653 


Straits Settlements . . 




2,041 


Other countries . . „ 


1,620 

... 

6,351 


Total . ,, 


o 


96,365 


Gold (Coin and Bullion). 






United Kingdom .... 


27,34,720 


75,18,174 


Franco 


21,371 


77,057 


Other countries in Europe 

... 

9,795 


49,830 


^Eastern coast of 

] 





\ Egypt ... 

1 





Africa < Mauritius . 

... 

1,87,515 


13,00,631 


yBeunion 






Mother countries . 

) 





Aden 


3,18,295 

... 

2,95,375 


Arabia 


16,08,214 


14,79,855 


Ceylon ...... 


8,62,821 


23,56,650 


China ...... 


81,26,510 


86,09,683 


Persia ..... 


7,03.409 


4,31,441 


Straits Settlements .... 


1,70,226 


4,40,288 


Turkey in Asia 

... 



... 


Singapore 



... 


... 

Bed Sea ..... 






Australia ..... 


17,45,197 

... 

36,64,728 


Other countries .... 


... 

... 



Total 


1,64,88,073 


2,62,23,712 
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ported into British India, and the Couniriesfrom whence they are importedr^cavAA. 


72. 

1870-71. 

1869-70. 

1868-69. 

1867-68. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Qua ntiy 

Value. 

before 187 
Us. 

1,95,580 

5-76. 

Es. 

18,544 


Tls. 

8,555 


Us. 

42,824 


Rs. 

96.236 

7,224 

1,52,001 

8,205 

41,614 

... 

15,452 

79,622 

1,370 

7,986 

;;; 

30,449 

*1,585 

... 

23,492 

2,74,488 

*9,924 


*6,824 

2,41,645 

4,127 

17,318 

4,04,624 

... 

1,22,974 


40,589 


3,50,728 


3,65,150 

given before 

1875-76. 








66,446 

12,354 


55,016 

14,.U)2 


1,34,750 

10,437 


1,12,749 

2.841 



32,934 

4,136 

5,997 


17,634 

*7,564 

- 

"5,778 


7,060 


r Details 
Vnot avail - 
( able. 

34,383 


10,099 

... 

*6,908 


7,080 


> 

J 

1,56,250 

... 

1,04,715 

... 

1,.57.873 


1,29,730 


84,531 

1,34,06,956 

1,33,332 

4,000 


49,82,074 

1,29,613 

10 


1,60,94.839 

3,83,494 

... 

1,59.58,934 

5,37,591 


47.77,917 

3,85,769 

6,07.631 

1 

73,005 


2,52,675 


4,36.070 


4,69,515 

2,68,744 

9,24,508 

34,91,903 

1,33,17,463 

2,78,916 

2,23,252 


2,58,635 

11,28,757 

35,02,171 

1,50,53,621 

4,02,957 

1,62,798 


2,37,925 

1.88,97,105 

1,54,27,847 

5,58,226 

... 

1,05,880 

89,040 

1,54,90,071 

1,50,12,095 

5,22,091 


2,07,263 

1,18,1.5,284 

2.47,88.186 

9,01,224 

30,81,074 

... 

21,3^200 

... 

2,47,365 

6,23,982 

41,79,991 

550 


4.i‘i,895 

6,02,936 

26,02,855 

300 

... 

7,55,962 

6,31,101 

32,12.022 

15,000 

3,57,37,779 

... 

2,78,25,741 


5,69,03,999 

... 

6,17,69,758 


4,77,59,243 
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UEOLOGY OF INDIA. 


Statemenfofihe Qvaniiii/ and Value of the principal Mineral Productions im 




1879-80. 

1878-79, 

1877- 

CountricB whence imported. 













Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

SiLVKTi (Coin and Bullion). 


Rb. 


Rs. 


United Kingdom .... 

... 

4,71,39,767 

... 

2,83,86,810 

... 

France 



13.55,000 

... 

6,01,200 


Italy 



33,57,314 

... 



Other countries in Europe 


450 


410 



f Eastern coast of 


3,90,525 


2,63,326 





23,839 


89,607 


Africa 

] Madagascar . 


67,949 


45,423 


* "S M auritius . 


7,47,006 


10 , too 



J Keunion 


4,16,000 

• •• 



\ Other countries , 


500 




Aden 


... 

2,68,049 

. . • 

1,19,841 


Arabia 



25,87,545 


25,19,162 


Ceylon 



63.62,130 

• P* 

25,74,062 

... 

China 



2,82,37.143 

* • • 

1,81,18,727 


Japan 



22,81,000 


3,90,000 

p t • 

Persia 



6,38,273 


4,84,407 


Siam 

. , . . 


63,950 


72,965 


Straits Settlements .... 

... 

11,58,536 


13,88,620 

— 

Turkey in Asia 


20,33,038 

... 

8,52,256 


Sintrapore 



• • • 





Penang and Malacca 


... 




Bed Si'ti 
Austi-alia 

. 



... 

... 


Other countries .... 


32,015 


20.175 



Total 


9,60,50,019 

... 

5,59,36,991 



Brass. 






United Kingdom . , Cwt. 

8,260 ' 

4,17,797 

6,895 

3,11,528 

8,815 

Austria . 

. . . ,, 

13 

1,536 

31 

3,941 

... 

Italy 

. . . fy 

200 

23,216 

169 

21.282 

374 

Africa 

. . . ,, 

117 

3,487 

P •• 


66 

Ceylon 

• • • « 

M4 

11,715 

181 

9,769 

117 

China 


1,240 

54,628 

208 

16.714 

642 

Straits Settlements . . „ 

247 

24,320 

214 

18,318 

225 

Other countries . . „ 

49 

1,776 

114 

4,381 

127 


Total „ 

10,279^ 

5,38,484 

6,812 

3,85,033 

10,366 

Copper (including Ooln). 
United Kingdom . . Cwt. 

3,28,956 

1,36,24.679 

239,817 

1,04,53,785 

251,695 

France 

. . . ,y 

187 

13,427 

291 

1 5,076 

626 

Italy 


2,442 

2,47,800 

1,096 

2,38,335 

1,219 

'Cape of Good Hope „ 

799 

24,072 

934 

33,074 

301 


Eastern coast of „ 

53 

1,750 

176 

6,261 

265 

Africa . 

i^^f^ypt ^ 

1 Mauritius „ 

7 

126 

1,238 

3,608 

837 

40 

31,752 

1,369 

3,343 

78 


Keunion „ 

100 

2,898 

157 

4,959 

153 


^Othcr countries „ 

• •• 


274 

8,959 

... 

Arabia 


110 

6,377 

123 

4,724 

68 

Ceylon 


870 

13,110 

45 

3,373 

217 

China 

• • . • 

38,082 

16,00,596 

42,167 

18,36,990 

22,855 

Persia 

. • . yy 

109 

3,361 


Straits Settlements . . ,, 

140 

19,159 

1,317 

75,734 

1,184 

Japan 

„ 





Australia 

• • • »» 

14,444 

6,24,034 

2.297 

1,09,593 

37,834 

Other countries . . „ 

248 

16,438 

282 

17,704 

375 


Total . „ 

3,86,173 

1762,01,547 

289,853 

1,28,41,688 

320,103 
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fmrkd into "Brituh India, and the Countriet from whence they are imported— -aaati. 


78. 

1876.77. 

1876*76. 

387i-7fi. 

Value. 

Quantity. 

Value. 

Quant ity. 

Value. 

Quantity. 

Value. 

Ra. 


Rs, 


Rs. 


Rb. 

12,71,63,297 

... 

7,30,52,776 

... 

1,97,95,662 


4,37,68,807 

11,67,120 


11,67,920 


14,38,800 


8,74,630 

8,56,200 


1,03.14,700 


11,53 210 



10,000 


2,93,050 


2,30,068 

... 

2,93,287 

1,78,697 


2,32,350 


1,12,216 

\ 


86,840 


3,17,108 

... 

4,73,391 

1 


76,088 


58,836 


35,791 

1 

9.n ^79 Q««> 

20,000 


6,000 


41,966 

( 


1,20,000 




12,000 

1 




6,200 



1 


3,89,623 


3,98,134 


4,36.817 


3,45,182 

28,61,924 

... 

25,79,5u4 


22,65,769 


10,9.5,179 

16,05,485 


34,22,183 


29,29,479 


32,26,862 

1,76,17,278 


61,04,720 


34,95,067 


35,33,025 

90,000 

... 




... 

53 

4,17.398 


3,48,861 


4,11,927 


25.73,179 

1,( ‘4,704 


1,27,810 


1,10,946 


2,32,275 

35,91,199 


7,93,086 


8,39,952 


24,97,322 

7,28,270 


6,98,278 


8,58,652 

... 

... 

6, *44, 000 


”*3,254 

... 

... 


”2,140 

7,200 


1,312 

... 

•1.700 


3,200 

15,77,65.323 


9,99,24,082 

1:.. 

3,46,43.413 


6.05,18,103 

4,13,721 

4,006 

2,72,996 

4,7‘1.7 

3,17,610 




30 

3,894 

85 

12,253 



47,851 

257 

36,569 

191 

27,770 



2,200 

316 

16,197 

297 

12,248 



7,703 

139 

8,009 

,518 

12,861 



42,501 

1,681 

76,664 

1,288 

72,418 , 



17,068 

747 

35,178 

310 

28,926 

Fiffures 

not available 

5,391 

IIG 

4,968 

24 

1,150 

before 

1875-76. 

~~5',36,435 

7,252 

4,54,475 

7,460 

4.85, 23(r 







(Quantity not 

available be 

fore 1875-76. 

1,14,77,278 

221,721 

1,11,67,042 

178,248 

90,83,871 


64,73,788 

27,899 

202 

14,484 

44 

6.265 



2,61.749 

74 

2,757 

8.36 

28,220 

... 


10,931 

231 

9,584 

144 

6,915 



9,901 

197 

7,673 

112 

6,106 



1,54,«'13 

12 

2.310 

20 

6,096 

) 

CQ OOQ 

2,917 

241 

10,433 

117 

4,352 

1 ■■■ 

OUtOdiO 

5,221 

198 

7,346 

150 

7,007 

) 


’*’2,845 

”124 

6,011 

*385 

1*7,942 



12,906 

326 

14,996 

247 

8,560 


17,564 

10,68,920 

17,632 

8,62.125 

16,301 

7,87,358 


8,31,375 


61 

^2,621 

27 

1,407 


1 ,765 

24,719 

481 

34,086 

298 

16,352 


62,310 


... 



4 

... 

1,07,380 

18,87,235 

30,657 

18’42,509 

39,612 

20,63,478 


10,46,702 

35,215 

206 

8,040 

76 

3,068 


29,757 

1,49,81,749 

1 272,353 

1,39.81,017 

236,016 

1,20,75,001 

1 ... 1 86,38,469 
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Statement of the Clnantiti/ and Value of the principal Mineral Productions im 


Countries whcuco imported. 


Quantity. Value. Quantity. Value. I Quantity. 


Silver (Coin and Bullion). 
United Kingdom 
France . . • • * 

Italy . . • • • 

Other countries in Europe 

/Eastern coast o£ 
Egypt . . 

Miulagascar 
Africa . Mauritius . 

ll^union 

^ Other countries . 

Aden 

Arabia 

Ceylon 

China ..... 
Japan . . . • ♦ 

Persia ..... 

Siam 

Straits Settlements . 

Turkey in Asia 

Singapore .... 
Penang and Malacca 

Red Sea 

Australia 

Other countries 


Brass. 

United Kingdom . . Cwt 

Austria . . • • a 

Italy .... „ 

Africa .... j, 

Ceylon .... „ 

China .... „ 

Straits Settlements . • „ 

Other countries . „ 

Total . „ 

Copper (including Coin). 
United Kingdom . . Cwt, 

France .... „ 


Cape of Good Hope 
Eastern coast of 
Egypt. . 

Mauritius 
Ueunion 
Other countries 


Ks. 

2,14,93,051 

3,S1,2«0 


1,06,190 


3,08,560 

12,94,264 

31,79,021 

91,29,668 

22,64,213 

2,11,598 

26,16,229 


36,989 

'4,14,37,263 


Rs. 

1,10,73,288 

1,11,513 


1,60,965 


4,63,248 

14,67,565 

18,4/1,765 

16,12,730 

46,700 

18.05,608 

1,18,790 

5,98,666 


28,900 

l,93,42Tm 


38,54,630 


Figures n ot available 


I Quantity n ot available 
46,92,956 
6,624 


Ceylon .... 




23,103 

China .... 



3,8^409 

4,69,413 

Persia .... 




19,035 

Straits Settlements . 



63,608 

89,922 

Japan .... 



... 

... 2,13,546 

Australia ' . 



6,36,651 

1,62,444 

Other countries 



1,09,537 

41,816 

Total 



51,30,233 

67,87,884 
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ported into British India, and the Countries from whence they are imported — coutd. 


Value. Quantity. Value. Quantity. Value. Quantity. Value. Quantity. Value. 


1?8. 

5,50,08,153 

20,03,709 


lis. 

20,07,959 

7,49,100 

1,30,537 !!! 


Ks. 

2.04.12,239 

33,77,831 


Rs. 

3,10.58,031 

90,61,984 


Rs. 

80,01,244 

12,02,340 


4,92.165 


9,09,950 


81,81,236 


1,26,760 


0,18,078 
1 2,46,940 
20,54,923 
1,32,41,409 

57,000 
80,35,393 
1,42,223 
10,99,904 


176 
23,753 
8 do, 00, 350 


8,92,158 

11,25,551 

18,07,004 

1,24,78,537 

7,87,410 

41,88,497 

75,143 

18,26,454 


61,915 

2,66,22,490 


8,38,314 

10,400 

60,63,102 

8,70,75,666 

45,76,258 

29,42,454 

60,960 


46,85.124 
75,788 
9,72,810 
10,800 
82,377 
■ 8.26,44.073 


9,15,005 

1,15,230 

89,27,350 

2,95,38,354 

66,26,582 

75,230 


45,99,238 

2,60,282 

8,19,644 

_ 21 . 0 ^ 
' 9,97,89,786 


6.39.943 

4,000 

28,29,056 

4,40,52,506 

1,24,660 

86,88,498 

76.678 


79,19,679 

8,96,766 

7,88,878 

60,000 

84,100 

6,99,H497 



beforti 1875 -76. 
71,32,373 
1,593 


1,09,13,196 

1,380 


1,43,44,245 


1,53,62,102 


1.55,06,917 


4,02,520 


7,83,023 


1,05,427 


1,22,861 


36,325 

10.92,358 

62,353 

2,04,849 

1,09,426 

12,87,234 

37.713 

1,03,66,744 


11,695 

6,37,616 

13,946 

63,270 

2,48,252 

14,66,576 

34,385 

1,36,17,582 


1,53,199 

21,li,262 

53,237 

i,7^36,352 


1,82,972 

2,70,107 

13,25,588 

1,84,469 

30 ^ 96^1 


24,048 

6,28,636 

3,986 

2,65,806 

35,652 

28,82,144 

^7,603 

1,93,96^^653 
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Siaiemeni of the Qnaviify and Value of the principal Mineral Productions im 



1879-80. 

1878-79. 

1877- 

CouDtrics wheuco imported. 






Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 


Lbad. 

United Kingdom . . Cwt. 

France .... „ 

Straits Settlements . „ 

Other countries . . „ 

67,379 

4,650 

228 

1,223 

Rg. * 

9,96,944 

49,866 

3,006 

13,142 

65,750 

110 

206 

397 

Rs. 

11,06,233 

1,585 

3,105 

5,010 

62,828 

”* 82 
347 

Total . „ 

73,480 

10,62,958 

66,463 

11,15,932 

52,757 

QmCKSiLVBR (Mercury). 






United Kingdom . . Lbs. 

China .... „ 

Other countries . . „ 

80,172 

371.250 

79,971 

94,188 

4,06.157 

88,091 

76,503 

168.381 

6,000 

1,11,653 

2,69,751 

6,643 

131,403 

76,575 

3 

Total 

531,393 

5,88,436 

250,884 

3,88,047 

207,981 

Speltee (Zinc). 






United Kingdom . . C\vt. 

Other countries . , „ 

127,054 

84 

14,42,437 

1,162 

128,919 

742 

15,56,619 

8,853 

129,726 

554 

Total . „ 

127,138 

14,43,599 

129,661 

15,65,472 

180,280 

Ieon, 






United Kingdom . . Cwt. 

France .... ,, 

Germany ... „ 

Sweden .... „ 

Africa .... „ 

Arabia .... „ 

Ceylon .... „ 

Straits Settlements . . „ 

America ... „ 

Australia ... ,, 

Other countries . , „ 

2,096,709 

1 

2,628 

*1,839 

1.036 

6,339 

1,198 

1,407 

1,22,10,441 

27,793 

’*4,708 

3,546 

30,231 

8,567 

*8,561 

2,344,055 

359 

5,846 

1,072 

1,638 

6,845 

1,715 

199 

*3,577 

1,43,33,135 

1,695 

39,150 

2,123 

7,669 

36,223 

14,310 

2,719 

23,127 

2,428,036 

266 

1,316 

i,371 

382 

5,254 

313 

*’*784 

Total , „ 

2,111,166 

1,22,93,847 

2,365,306 

1,44,60,151 

2,437,721 

Tin. 



Quantity 

for Spelter 

Iron and 

United Kingdom . . Cwt, 

Ceylon .... 

Siam .... ,, 

Straits Settlements . . ,, 

Other countries , . ,, 

639 

457 

96 

19,105 

643 

26,297 

3,957 

3,900 

9,25.883 

28,422 

1,842 

41 

97 

33,464 

45 

52,279 

1,590 

4,852 

14,54,511 

4,169 

703 

46,119 

1,849 

Total . „ 

20,840 

9,88,459 

34,989 

15,17,401 

48,671 
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ported into British India, and the Countries from whence they are imported — contd. 


78, 

1876-77. 

1876-76. 

1874.76. 

Value. 

Quantity. 

• 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Rs. 

9,64,885 

40,326 

Rs. 

7,22,410 

85,911 

Eb. 

6,26,999 

Quantity 

before 

not avnilabld 
18756. 

Rs. 

6,05,056 

* i,535 

110 

’*2.038 

’*’ 138 

*2.503 

7. 

• •• 

4,681 

39 

1,314 

167 

2,487 

... 

4,877 

9,71,101 

40,475 

7,25,762 

86,216 

6,30,989 

... 

6,09,432 

1,75,457 

91,706 

1,61,744 

463,763 

9,49,149 

168,044 

1,58,500 

1,13,536 

114,150 

1,93,029 

54, 7 65 

1,13.935 


8 

11,325 

14,550 

5,770 

12,021 

0 

0 

*2,700 

2,89,001 

217,181 

3,69,323 

524,293 

10,75,105 

160,744 

1,61,200 

17,87,937 

95,839 

14,26,217 

68,805 

8,22,312 


4,69,142 

6,593 

754 

10,981 

313 

4,201 

... 

5,502 

17,94,530 

96,593 

14,37,198 

59,118 

8,26,513 


4,74,644 

1,43,01,927 

2,227,744 

1,51,74,105 

2,007,095 

1,41,63,521 


1,20,00,009 

2,957 

215 

1,534 




5,422 

6,787 


... 


... 

... 

11,061 

”3,613 

702 

”’ 1,054 


!!! 


*43,084 

7,8K7 

2,026 

6,093 

1,134 

2,225 



25,911 

9,853 

45,363 

10,888 

50,572 


87,667 

178 

6,418 

32,015 

1,304 

12,922 


42,794 




1,071 

11,687 


18,518 


” 2,000 

3,000 




61,143 

”’ 5,351 

3,235 

20,893 

2,354 

15,051 

... 

43,946 

1,43, 55, 611 

2,251,193 

1,52,84,057 

2,023,846 

1,42,45,978 


1,22,63,244 

Tin not avail 

25.496 

able before 18 

1,325 

1 75-76. 

42,141 

4,100 

98,779 


4,08,994 


130 

4,344 


16,080 


’ 235 

12,247 

397 

17,083 

• •• 

8,244 

21,19.428 

35,685 

17,49.798 

31,479 

15,67,849 


11,71,648 

76,647 

51 

3,757 

53 

4,307 


6,314 

22,21,571 

37,296 

18,07,943 

36,159 

16,92,362 


16,10,260 


/ 



1 
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Statement of the Quantity and Value of the ’principal Mineral Productions im 




1873-74. 

1872-73. 

1871- 

Countries whence imported. 








Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Lead. 

United Kingdom 

France .... 
Striiits Settlements . 

Other countries 

Cwt. 

... 

Ks. 

3,68,431 

14,510 

... 

Quantity n 
Its, 

6,29,598 

8,219 

ot available 

Total 


... 

3,82,941 


6,37,817 


Metals— Quicksilver (Mercury). 






United Kingdom 

China .... 

Other countries 

Lbs. 

137,702 

4,200 

1,125 

1,37,702 

4,200 

1,125 

160,487 

3,760 

1,60,487 

*3,760 

838,673 

14,625 

Total 

- 

143,027 

1,43,027 

164,247 

1,64,247 

353,298 

Spelter (Zinc). 







United Kingdom 

Other countries 

Cwt. 

» 

... 

4,87,094 

8,134 


12,14,965 

4,201 

... 

Total 



4,95,228 

j 12,19,106 

... 

Iron. 







United Kingdom 

Franco .... 
Germany 

Sweden 

Africa .... 

Arabia .... 
Ceylon .... 
Straits Settleinouts . 

America .... 
Australia 

Other countries 

Cwt. 


75,30,773 

76^014 

26,784 

69,026 

36,739 

39,488 


72,76,799 

9,356 

20,016 

37!543 

14,652 

68,298 

21,934 

32,834 


Total 

» 


77,78,824 


74,71,432 


Tin. 


j 


Quantity 

for Spelter, 

Iron and 

United Kingdom 

Ceylon .... 

Siam • . , . 

Straits Settlements . 

Other countrioB 

Cwt. 

f* 

... 

3,36,217 

12,92,872 

24,895 


1,45,092 

1,838 

23,733 

6,80,571 

3,734 

... 

Total 



16,53,984 

... 

8,54,968 

... 
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ported into Britisk India ^and the Countries from whence they are imported — conoid. 


72. 

1870-71. 

1860-70. 

1868-69. 

1867-08. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

before 187 
Ks. 

5,69,052 

1,098 

3,816 

>76. 

Rs. 

4,52,593 

45,864 

4,557 

30,426 

... 

Rs. 

8,90,262 

32,633 

797 

3,002 


Rs. 

3,82,216 

33,445 

2,071 

... 

Rs. 

1,34,960 

*85,637 

5,73,966 


5,33,440 

... 

4,26,694 


4,17,732 


2,20,597 

8,38,673 

11,625 

129,526 

11, 625 

1,29,526 

11,625 

140,103 

7,500 

1,47,603 

7,500 

283,245 

75,000 

22,500 

3,28,245 

67.500 

22.500 

161,195 

62’625 

1,63,820 

60,000 

3,53,298 

141,151 

1,41,151 

147,603 

1,55,103 

380,745 

4,18,245 

223,820 

2,23,820 

12,32,077 

5,837 


12,10,355 

11,692 

... 

13,62, 9S5 
17,169 

... 

19,23,454 

4,596 

... 

20,13,358 

29,232 

12,37,914 


12,22,047 


13,70,454 


19,28,050 

... 

20,42,590 

80,46,645 

1,216 

95,886 

23,322 

20,779 

19,368 

16,804 


84,51,764 

5,045 

25,658 

1,09,498 

1,37,834 

16,142 

39,652 

4,509 

10,446 

21,016 

... 

1,11,66,420 

24,474 

38,291 

2,81,722 

2,51,846 

10,318 

25,405 

35,946 

46,443 

... 

1,35,06,475 

20,891 

6,33,154 

1,85,832 

27,109 

62,419 

20,987 

70,789 


1,36,81,901 

2,817 

6,07,098 

1,55,323 

23,800 

40,620 

2,408 

30,279 

1,68,758 

82,24,020 


88,21,564 

- 

1,18,80,865 


1,45,17,656 


1,46,13,004 

Tin not iiva 

2,52,217 

70,893 

10,08,224 

21,633 

. ilablo bel 

ore 1875-70 

1,89,941 

5,036 

21,226 

11,65,681 

35,538 


3,35,960 

23,018 

11,98.353 

6,446 


4,81,789 

1,911 

20,593 

9,36,334 

20,125 

... 

2,09,663 

2,002 

3,241 

7,40,504 

43,151 

13,52,967 

... 

14,17,422 


15,63,773 

... 

14,60,762 

... 

9,98,561 
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Includes fig^nres for Coke and Patent Fuel. 

. jB.— A ppendix A does not include Coal, &c., imported on account of GoTernment. 



APPENDIX C-COAL CARRIED BY RAIL. 


m 



^ Ihe amounts carried respectively from the Baniganj and Karharbari fielda are not separated in the retorna which have been received. 
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APPENDIX D. 


List of Collieries in the Bengal Presidency and the Central Provinces for the 

Calendar year 1879, 



Name of Mine. 


Rani gall 3 
Maiigsilpnr 
Cbaukidanga (a) 
Kaghunathcliak (a) 
Siarsol . 
tlenicri . 

Niincha . 

11a final . 

Lalha/ar 
Ikinsva . 

Nija. 

Dhadkia 
Benali 
Madhubpur 
Dhosal . 

Sanktoria 
llaripur (a) 
lulrni . 

Dhosal . 

Sibpnr . 
Satpukuriya 
Lachipur 
Rampifc iiiatb 
Bamuudihi 
Do. 

Do. 

Do. 

Bjiraundbea 
Jotjanaki 
Kuniardi (r) 
Lakhinipur 
Niamatpur 
Charanpar 
! Deziragarb 
Banbalial 
Kalipabari 
Narsamda 
Pura 


(a) 

(to 


Output of 
coal in the 
year 1879, 


Tons. 

51.450 

24/233 


62,720 

28,081 

11.501 
420 

1,008 

30,(K)0 

13.000 

31.501 

24,752 

1,928 

33,066 

24,934 

24,900 

17,418 

'275 

* 2,200 

2,411 

1,082 

1,321 

6,534 

22.000 

3724 

21,970 

24,380 

9,761 

1,928 

1,750 

3,509 

19,286 


Avorapfe annu- 
al output of 
coal in tlie 
3 yeans previ- 
ous to 1879. 


Ton 8. 


45,128 

24,000 


41 ,830 
25,052 
6,314 
1,926 
t 

30,(KK) 

12,0(K) 

27,747 

9^699 

1,928 

28,471 

16,687 

t 

10,714 


15,413 

447 

1,082 

535 

t 

18,000 

62424 

t 

13,796 

t 

714 

2,142 

6,002 

16,826 


(//) Tlieso mini's arc now eloscil. 

{/O CloKcil from the 30th Aufifust 1878. 

(f) These mines arc now elosod. None of (hcni have been worked for the last three years, 
t No informal ion available. 



APPENDIX DELIST OP COLLIERIES. 

List of Collieries in the Bengal Presidency and the Central Prorhices for the a 
C alendar year concluded. 




.o 



Avoraipre nuni»- 



i 


Output of 
oonl 111 the 

al ontfiut of 

Proviucos and Districts. 

Name of Mine. 

coal in the 



w 


year 1879. 

8 years previ- 
ous to 1879. 




i 

Tona. 

Tons. 

/ 

( 

39 

Sodepnr j 

16,765 

4,806 



40 

Banmndiya . . . . . ; 

1.573 

1,156 


I 

41 

Lachipur j 

1,018 



Bard wail ... ( 

42 

43 

Mohaiipur . . . . . i 

Bliutra 

t 

785 

... 



44 

Chatapatar ..... 

7,501 




45 

Kalipahari 

2,235 




46 

Do 

857 



1 ( 

47 

Kuldiha 

69,198 

48.777 


I 

48 

Kavbarhari ..... 

1 40,804 

1,55.209 


llazariliaerh. ( 

49 

Serainpiir 

90,425 

1,23,744 

cS 

bn ( 


50 

Bariadih ..... 

45,899 

68,787 

o 

1 

61 

Sorarnpur {a) .... 




Loliardiigga 

62 

Rajhera ( Daltonian j) 

’892 

“t 


53 

Khoinerdobio .... 

26,362 

t 


1 

64 

Atjerkuri 

26 

616 


1 

55 

Makma 

136 

124 


\ 

66 

Mery a 

1,024 

2,625 


Manblmm 

57 

Nawadanga 

1,456 

620 


68 

Kapasbara ..... 

2(X) 

142 


1 

69 

Do 

100 

130 


1 

60 

Kowari (Cliornoe Nalla) 

111 

31 



61 

Do. (Pita Kevvary) 

151 

28 


■v 02 

Kaujawa and Kasunda 

10 

... 




Total for Bengal 

891,047 

1 813,040 

lei^ 

Narsin^pur ... 

63 

Mohpani . 10,617 12,421 


j 

cd;.2 ) 

Chanda 

64 

Warora . 22,898 38,951 


■ 



2 

Total for tbe Central Provinces 

33,616 

40,372 




Geand Total 

924,602 

859,412 


(a) ThoBe ttiincs are nnw closed ; liuiic »)f them have been worked for the last throe years, 
t No iuforraatiou available. 
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APPENDIX E. 


INDEX TO REFERENCES. 

DIAMOND. 

IjpTDli. Gejterally.' — Brhat Sanhita^ Gth century. Trans, by Dr. H. Kem, Jour. Roy» 
As. Soc., Vol. VII, new series, p. 125; Tavernier (1665-1669) “ Voyages, " 
Vol. II, Paris ; Heyne^ Dr. (1814-), “ Tracts,’* London, p. 92 ; Ditter^ Karl 
(1836), Erdkunde, Asien, Vol. VI, pp. 343-368 ; Newhold^ (1843), Jour, 
Roy. As. Socy., Vol. VII, p. 226; Burtouy Capt, (1876), Quarterly Journal of 
Science, new series, Vol. VI, p. 351, reprinted in A. E, I. by Mrs. Burton ; 
Tagore^ Dr, Sourendro Mohun (1879), “ManiMala, ” 2 Vols., Calcutta ; 
Dali, V. (1880), Sci. Proc. Roy. Dub. Socy, and (1881) J. A. S. B., Vol. L, 
pt. II, j). 31 ; also in “ Diamonds, Coal, and Gold” London, 1881, Triibner. 
South India Generally. — Marco Dolo, 13tb century, Travels, Ed. by Col. Yule, 
Vol. IT, p. 295, Lond., 1871 ; Voysey, Dr. (1825), As. Res., Vol. XV, p. 120; 
(1879), Madras Govt. Standing Information, p. 230. 

Bellary District. — Kehall, (1872), Bellary District Manual, p. 96. 

Kadapah District. — Malcolmso7i,J.G. (1836), J. A. S. B., Vol. V, p. Ill ; Ouchter- 
lony., Lt. (1857), Mineral Report, Madras ; King, W. (1869), Rec, Gool. Surv. 
India, Vol. II, p. 9, and (1872) Mom. Geol. Surv. India, Vol. VIII, p. 267, 
ct ante ; Grihble, J. D. B. (1875), District Manual, p. 24. 

Kabnul District. — Tavernier (1665), Voyages, Vol. II ; liennell (1793), Memoir 
on Map of India, p. 254; Newhold, Capt. (1836), Madras Jour. Lit. and Sci., 
Vol. HI, p. 120; Malcolmson, J. G. (1836), Trans. Geol. Socy., Lond., 
2 Ser., Vol. V, pp. 541 and 568; Netohold, Capt., (1840), Vol. XI, p. 47 ; 
The Same (1846), J. A. S. B., Vol. XV, p. 390 ; King, W. (1869), Rec. 
Geol. Surv. India, Vol, II, p. 9, and (1872), Mem. Geol. Surv. India, Vol. 
VIII, p. 106. 

Golconda or Kistna and Godavari Districts. Frederick, Caesar (1570), Hak- 
luyt’s Voyages. Mcthold (in 1622); D'Lact (1647), quoted in Precious 
Stones, &c., by C. W, King, p. 21 w ; Tavernier (1665), Voyages, Paris, VoL 
II; Tfamilton, Capt. (1688-1728), New account of the East Indies, Vol. 1, 
Chap. XXIX, Madras or Cbinapatam, p. 306; Anderson, J. (1767), Edinb. 
Phil. Jour., Vol. Ill, (1820), pp. 72,73; Voysey, Dr. (1820), J. A. S. B., 
Vol. II, p. 403 ; Benza, Dr. (1835), Madras Jour. Lit. and Sci., Vol. VI, 
p. 47; Walker, Dr. (1850) Op. cit., VoL XVI, p. 184; Blanford, W. T 
(1872), Rec. Geol. Surv. India, Vol. V, p. 27 ; King, W. (1877), Rec. GeoL 
Surv. India, Vol. X, p. 58 ; The Same (1881), Mem. Geol. Surv, India, Vol. 
XVI, p. 253. 

Godavari District: Bhadbachelum. — Voysey, Dr. (1825), As. Res., Vol. XV, 
p. 125, note ; Newhold, Capt. (1843), Jour. Roy. As. Soc., Vol. VII, p. 233. 

* Besides the references bore given, there are numerous European works on precious 
stones which describe the distinbuUon of diamonds in India ; but, without exception, the 
details are more or less inacciuate. 



APPENDIX E— DIAMOND AND GRAPHITE. 


597 


BiJiPUR. — Bmnellt CoL (1793), Memoir on Map of India, p. 253; Dr, 

(1825), As. Res., Vol. XV, p. 126, note ; Foote, J?. B, (1876), Mem. GeoL 
Surv# India, Vol. XII, p. 144. 

Central Provinces : WAiRAGAEH-—jFeH5A^a (1426), History Ed, by J. Briggs, 
Lond. (1819), Vol. II, p. 406 ; Ahdul Fazl (1590), Ain-i-Akbari, Gladwin's 
Trans., Vol. II, p. 59 ; Jenkins, Oapt. (1827), Report on Nagpur, Calcutta, 
(1827), p. 14 ; Wilkinson, Capt., Cal. Jour. Nat. Hist., Vol. Ill, p. 290 ; 
Hislop and Hunter, Rev. Messrs. (1855), Jour. Geol. Soc., Lond., Vol. XT, 
p. 355 ; Temple, R. (1861), Adm. Rep. Cent. Prov., 1861-62, p. 124 ; Crrant, C, 
(1870), Gazetteer of Cent. Prov., Art. — Wairagarh j Beglar, J, D, (1871), 
Arch. Surv. of India Rep., Vol. VII, p. 127. 

Sambalpur.— Map of Asia; Mustapha (1758), Oriental Repertory, Lond,, 
1808, Vol. II, p. 261 ; (1766), Asiatic Annual Register, London, 1799; 

Voysey, Dr. (1823), J. A. S. B., Vol. XIIT, p. 859 ; Breton, Dr. (1826), 
Trans. Med. and Phys. Socy., Calcutta, Vol. IT, p. 261 ; Kitioe, Li. (1839), 
J. A. S. B., Vol. VIII, p. 379 ; Ouseley, Col. (1840), J. A. S. B., Vol. VIII, 
p. 1057; Indian Review, Vol. V, p. 260; Short, Dr. (185<5), Sel. Rec. 
Ben. Govt., Vol. IV, No. XXIII, p. 182 ; and Sel. Rec. Madras Govt., 
No. XIV; Temple, R. (1861), Cent. Prov. Adm. Rop., 1861-62, p. 124 ; 
Granf, C. (1870), Cent. Prov. Gazetteer, Art. — Samhalpur ; Ball, V. (1877), 
Rec. Geol. Surv. India, Vol. X, p. 186 ; The Same (1880), Sci. Proc. Roy. 
Dub. Socy. ; The same (1881), J. A. S. B., Vol. L, Pt. II, pp. 31, 219. 

Chutia Nagpur. — Akharnamak and Tuzuk-i-Jahangiri (1616), Trans, by Bloch- 
mann, J., J, A. S. B., Vol. XL, pt. I, p. 11 ; Tavernier (1665), Voyages, 
Paris, 1677, Vol. II, p. 308; Mustapha (1758), Oriental Repertory, Vol. II, 
p. 261, London, 1808 ; Breton, Dr. (1826), Trans. Med. and Phys. Socy , 
Calcutta, Vol. II, p. 264 ; Dalton, Col., (1865) J. A. S. B., Vol. XXXIV, 
pt. II, p. 13 ; Hunter, Dr. (1877), Stati8ti(;al Account of Bengal, Vol. XVII, 
p. m)',Ball, V. (1881), J. A. S. B., Vol. L, p. 39. 

Bunuelkhand : Panna. — Hamilton, D. F. {Buchanan) (1813), Edinb. Phil. Jour., 
Vol. I, p. 49 ; Hamilton, W. (1826), Descr. of Hindustan, Vol. I, Art. — 
“Panna,” p. 325 ; Pogson, Capi. (1826), Hist, of Boondelas, Calcutta, p. 169 ; 

(1827), Trans. Roy. As. Socy., Vol. I, p 277; (1829), As. 
Res., Vol. XVIII, p. 100; Jacquemont, V. (1830), Voyage dans. LTnde, 
Tome I, p. 399 ; Anonymous (18.33), Indian Iteview, Vol. Ill, p. 119 ; 
Adam, Dr. (1842), J. A. S. B., Vol. XI. p. 399 ; Medlicott, H. B. (I860)’. 
Mem. Geol. Surv. India, Vol. II, p. 65 ; Schlagcntweit (1869), Reis, in Ind. 
Hochasien, Vol. 1, p. 153 ; Mallet, F. R. (1871), Mem. Geol. Surv. India, 
Vol. VII, p. 113, &c. ; Rousselet (1874), LTnde Dos. Rajahs, Paris, p. 441 ; 
Atkinson, F. T. (1874), N. W. P. Gazetteer, pp. 98 and 665. 

GRAPHITE OR PLUMBAGO. 

Madras: Teavancore. — Cullen, Genl. (1845), J. A. S. B., Vol. XIV, p, 64; 
The Same (1857), Madras Jour, of Lit. and Sei., new series, Vol. II, 
p. 296; Boyle, Dr. (1856), J. A. S. B., Vol. XXIV, p. 203; The Same 
(1866), Mad. Jour, of Lit. and Sci., new series, Vol. I, p. 257. 

Kibtna and Godavari. — King, W. (1874), Rec. Geol. Surv. India, Vol. VII, 
p. 160; The Same (188U), Mem. Geol. Surv, India, Vol. XVI, p. 263. 
ViZAGAPATAM.— CamicAae^, D. F. (1869), District Manual, p. 154. 
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Centbal Pbovincks: SAMBALPUK.—^or//, V . (1877), Rec. Geol. Surv. India, 
Vol. X, p. 183. 

UAJTVTANA.—Ba//our, Dr. (1873), Cyclopaedia, Art. — Plumbago; JBLaohety C. (1880), 
Eec. Geol. Surv. India, Vol. XIII, p. 249. 

Afghanistan.— Capt, (1841), J. A. S. B., Vol. X, p.'92. 

Kumaun.— Capt. (1829 P), As. Res., Vol. XVIII, p. 230, and J. A. S. B., Vol. 
XI, p. CAxvii ; Priiuep, J. (1831), Gleanings in Science, Vol. Ill, p. 280 ; 
Drummond, Major jGT. (1860), Sel. Rec. Govt. N. W. P., new senes, Vol. Ill, 
p. 371; Sowerhy, W, (I860), Sel. Rec. Govt. India, Vol. XVII, pp. 6 and 8 ; 
Moyle, Dr. (1856), J. A. 8. B., Vol. XXIV, p. 203; Madras Jour. Lit. and Sci., 
Vol. I, p. 257 ; MedlicoU, M. B. (1864), Mem. Geol. Surv. India, Vol. Ill, 
p. 180 ; Lawder, A. (1870), Rec. (Jeol. Surv. India, Vol. II, p. 87 ; Atkinson, 
JE. T. (1877), Economic Mineralogy of the Hill States, pampli., Allahabad. 
DAKJTiiiNG. — Sherunll, Capt., and Piddington, t/‘.,(1852), J. A. S. B., Vol. XXI, p. 638 ; 

Mallet, F. M. (1876), Mem. Geol. Surv. India, Vol. XI, p. 64. 

Bfbma. — Strotyer, Major, (1873), Gazette of India and Indian Economist, Vol. V, p. 
14 ; Doyle, P. (1879), Contribution to Burman Mineralogy, pamph., Calcutta, 

AMBER. 

UrPEtt Btjema. — Hannay and Pemberton Capts. (1835). J. A. S. B., Vol. VI, p. 270 ; 
Griffiths, Dr, (1837), Private Journals of Travels in India, Calcutta, 1847, 
p. 77 ; Yule, Col. (1855), Mission to Ava, p. 147. 

COAL. 

India.— J. (1831), Analyses, Gleanings in Science, Vol. Ill, p. 280 ; (1838), 
J. A. S. B., Vol. VII, p. 197 ; M* Clelland, Vr, (1838), Coal Committee’s 1st 
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M' Clelland (1845), Analysis, Op. cit., p. 28 ; and Coal Committee’s Final 
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Madeas : Nilgieis. — Cleghom, Dr. (1861), ‘Forests and Gardens of Southern India, 
Bond., Allen, pp. 87, 162, 178; Wragge, CoL JK, (1871), Jour. Socy. of 
Arts, Vol. XIX, pp. 201, 266. 
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Ball, V. (1874), Rec. G. S. L, Vol. VII, p. 167. 
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Bhandara District. — Wilkinson, Capt. (1843), Cal. Jour. Nat. Hist., Vol. Ill, p. 
292 ; Grant, C. (1870), Centl. Prov. Gazetteer, p. 59 ; Adm. Rep. Centl. 
Prov. (1861-62), p. 124. 

Balaghat District. — Jenkins, Capt. (1833), As. Res., Vol. XVIII, p. 213 ; Wilkinson, 
Capt. (1843), Cal. Jour. Nat. Hist., Vol. Ill, p. 292 ; Hislop and Hunter, 
Revs. (1855), Quart. Jour. Geol. Socy., London, Vol. XI, p. 380 ; Grant, C. 
(1870), Centl. Prov. Gazetteer, p. 18. 

Nagpur District. — Balfour, Dr. (1871), Cyclopeodia, Art. — Gold. 

Upper Godavari District. — Grant, C. (1870), Centl. Prov. Gazetteer, p. 506. 
Rajputana : Ajmir-Mhaiewaea District.— Jr ame, Dr. (1841), Med, Top. of Ajmir, 
Calcutta, p. 169 ; and Sel. Rec. Govt. India, No. CXIX, p. 71. 

Bombay : Dhaewar Di&TUiCT.—Hewbold, Capt. (1840), Madras Jour, of Lit. and 
Sci., Vol. XI, p. 44 ; and Jour. Roy. As. Socy., Vol. VII, p. 206 ; Aytoun, Lt, 
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(1853), Trans. Bomb. Geog. Socy., Vol. XT, p. 1; Scholt (1870), Vide Bal- 
four’s Oyclopaadia, Art» — Gold ; Mote, B. B, (1874), Rec. GeoL Surv. India. 
Vol. VII, p. 133; and Mem. Gool. Surv. India, VoL XII, p. 259. 

Belqaum Distbiot.— Li. (1863), Trans. Bomb. Geol. Sooy., Vol. XI, p. 8 ; 

Foote, B. B. (1874), Rec. Geol. Surv. India, Vol. VII, p. 133. 
KATTYWAB.—eTiieoJ, Col., and McMurdo, Ca^t. (1842), Sel. Rec. Bomb. Govt., Vol. 
XXXVII, p. 36. 

Afghanistan. — Drummond, Ca'pU (1841), J. A. S. B., Vol. X, p. 89 ; Hutton, Capt. 
(1846), Cal. Jour. Nat. Hist., Vol. VI, p. 599 ; Grieshach, C. Z. (1881), Mem. 
Geol. Surv. India, Vol. XVIII, p. 55. 

PuNJAU : Bannu Disteict. — Baden-Fowell (1868), Punjab Products, p. 13; Wynne, 
A. B, (1880), Mem. Geol. Surv. India, Vol. XVII, p. 95. 

Vmuxwijx Disteict. — Baden-Poioell (1868), Punjab Products, p. 13. 

Rawalpindi District. — Jameson, Dr. (1843), J. A. S. B., Vol. XII, p. 221 ; Baden^ 
Potoell (1868), Punjab Products, p. 12. 

Jhilam District.— Dr. (1853), J. A. S.jB., Vol. XXIII; and Sel. from Pub. 
Correspondence, Punjab Govt., No. XXIII, p. .343 ; Baden-Fowell (1868), 
Punjab Products, p. 13 ; Wynne, A. B. (1878), Mem. Geol. Surv. India, Vol. 
XIV, p. 303. 

Kangba Disthict.— Abbott, Capt. (1847), J. A. S. B., Vol. XVI, p. 266 ; Calvert, J., 

‘ Kulu’, Londou, pp. 21 and 73. . 

Amralla District.— Genl. (1835), J. A. S. B., Vol. IV, p. 279 ; Baden* 
Powell (1868), Punjab Products, p. 12 ; j&ijri/bw/’, (1871), C5clopa3dia, 
^r«;.-Gold. 

Guegaon District.— C. (1880), Rec. G. S. I., Vol. XIII, p. 244. 

Kashmir.— Fazl (1590), Ain-i-Akbari, Gladwin’s Trans., Vol. II, p. 136. 
Ladak. — Cunningham, Genl. (1854), Ladak, &c., p. 232; Bellew, Dr. (1873), 
‘^Kashmir and Kashgar,” p. 103; Lydekker, B. (1880), Rec. Geol. Surv. 
India, Vol. XIII, p. 49. 

North-West Provinces. — Herbert, Captain (1833), As. Res., Vol. XVIII, p. 236 ; 
Bavenshaw, F. J. (1833), J. A. S. B., Vol. II, p. 266 ; Medlicoit, H. B» 
(1865), Mem. Geol. Surv. India, Vol. Ill, p. 179; Balfour, Dr. (1871), 
Cyclopaedia; Atkinson, E.T. (1877), Economic Geol. of Hill Districts of 
North-Western Provinces, pamph., Allahabad, p. 18. 

Thibet. — Herodotus (464-447 B. C.), Book III, Cap. 102, <fec. ; Megasthenes (247 
B. C.), Pliny (77 B. C.), Book VI, Cap. XIX; Marco Polo (13th century). 
Travels edited by Col. Yule, Vol. II, p. 32 ; Tavernier (17th century) ; Jacob, 
W. (1832), Precious Metals, p. 26 ; Hieren (1834), Asiatic Nations, Vol. I ; 
Vide J. A. S. B., Vol. Ill, p. 206 ; Veltheim Count Von., Samm. ein. Auf- 
satze, Vol. II, p. 268 ; Strachey, JET. (1848), J. A. 8. B., Vol. XVII, p. 649 ; 
Cunningham, Genl. (1864), Ladak, p. 232 ; Montgomery, Major (1870), 
J. A. S. B., Vol. XXXIX, pt. 2, p. 53 ; Bawlinson, Sir H. (1869), Pall Mall 
Gazette, March 16 ; Lawder, A. (1869), Rec. Geol. Surv. India, Vol. II, 
p. 90 ; Schiem, Prof. (1870), Verhand. Kgl. Danishch. Gesell. der Wissen. 
for 1870, Trans, in Indian Antiquaiy, Vol. IV, p. 225 ; Ball, V, (1880), Sci. 
Proc. Roy. Dub. Socy. (1880) ; Atkinson, F. T, (1877), Economic Geology 
of Hill Districts, North-Western Provinces, Allahabad, pamph., p. 18. 
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Campbell, Dr. (1835), J. A. S. B.. Vol. Ill, p. 622; Banter, W. FI (1877), 
Statistical Account of Bengal, VoL XIII, p. 228. 

Daejiling.— Dr. (1848), J. A. S. B., Vol. XVII, p. 137. 

Assam. — Tavernier (1684), Travels, Part II, Book II, Chap. XXIII, p. 156 ; Jacob, W, 
(1832), PrecieJUs Metals, p. 374. 

Daebang Disteict. — Martin, M. (1838), Eastern India, Vol. Ill, p. 648; Mumram, 
and Jenkins, Col, (1838), J. A. S. B., Vol. VII, p. 621 ; Sunter, W, W. 
(1879), Statistical Account of Assam, Vol, I, p. 106. 

SiBSAQAE Disteict. — Martin, M, (1838), Eastern India, Vol. Ill, p. 651 ; Mannay, 
CoL (1838), J. A. S. B., Vol. VII, p. 628 ; and (1853) Op, cit,, Vol. XXII, 
p. 513. 

Lakhimpue Disteict. — Martin, M. (1838), Eastern India, Vol. Ill, p. 644; Hannay, 
Col, (1838), J. A. S. B., Vol. VII, p. 646; The Same, and Dalton, Gent, 
(1853), Op, cit., Vol. XXII, p. 614; (1859), Mem. Geol. Surv. India, Vol. I, 
p. 92; llunter, JV, IV, (1879), Statistical Account of Assam, Vol. I, p. 380. 
Manipue State. — Grant, Capt. (1832), J.A.S. B. Vol. I, p. 148. 

Tippeeah Disteict — Tavernier (1665-9), Travels, English Ed., Pt. II, Book II, p. 
166. 

Buema.— P miscjp, J. (1832), J. A. S. B., Vol. I, p. 16 ; The Same (1834), J. A. S. 
B., Vol. III., p. 207, Hannay, Col, (1835), Op, cit., Vol. VI, p. 270 ; (1839), 
Heifer, Dr., Second Report on Ye, Tavoy and Tenasserim, Calcutta, p. 33; 
Anonymous (1842), Cal. Jour. Nat. Hist., Vol. II. ,p. 362 ; Ma8on,Reo. F. 
(1850), Nat, Produc. of Burma, p. 36 ; (1853) Sel. Rec. Beng. Govt., No. 
XIII ; Oldham, Dr, (1856), Mission to Ava by Colonel Yule, p. 344 ; The 
Same (1869), Mem. Geol. Survey of India, Vol. I.,p. 94; Reports Adm. Brit. 
Burma, 1863-64, p. 66 ; (1866-67) ; p. 96, (1867-68), p. 176 ; (1868-69), p. 107 ; 
O' Riley, F, (1864), Letter to Col. Fytche, Corar. of Tenasserim ; Ander- 
son, Dr J, (1871), Expedition to Yunan, pp, 69, 93, 200, 201 ; Theobald, W 
(1872), Rec. Geol. Surv., Vol. VI, p. 95. The Same (1873), Mem. Geol. Surv. 
Vol. X, p. 343 ; Sirover, Major (1874), Gazette of India and Indian Economist, 
Vol. V., p, 19. 

SILVER.! 

Malabae. — Rliny (77),Nat.Hist. Book VI, Cap. XX ; MarcoTolo (13th century), Col. 
Yule, Vol. II, pp. 325 and 327^^. ; Tavernier (1655), Travels, English Edu., 
Part II, Book II, Chap. XXIII, p. 156. 

Mysoee. — Heyne, Dr. (1814), Tracts, p. 16; Ainslie, Sir TV. (1818), Mat. Med. of 
Hindustan, p. 58. 

Bombay : Dharwab. — Newhold, Capt. (1840), Madias Jour, of Lit. and Sci., Vol. XI, 
p. 43 ; Foote, R. R. (1874), Rec. G. S. I., Vol. VII, p. 140. 

Bvnuk,— Oldham, Dr. (1856), Mission to Court of Ava by Col. Yule, p. 345 ; Fedden, F, 
(1864), Sel. Rec. Govt. India, No. XLIX, p. 39; (1870), P. A. S. B.,p. 279 ; 
Strover, Major (1875), Indian Economist, Vol. V, p. 14. 

Noeth-Wert Provinces, Kumaun. — Atkinson, E. T. (1877), Economic Geology of 
Hill States, p. 20. 

COPPER. 

Teichinopoli. — Blanford, H. F. (1866), Mem. G. S. I., Vol. IV, Part III, p. 217 
and Trichirfopoli Miinnal, p. 69. 

^ The references to galena may be referred to for argentiferous ore. 
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Kadapah.— JT/ w^, IF. (1872), Mem. Geol. Surv. India, Vol. VIII, p. 268 ; 

J, D. B, (1876), Kadapah District Manual, p. 277. 

Kaknui. — King^ W* (1872), Mem. Geol. Surv, India, Vol. VIII, p. 268 ; Newhold, 
Capt, (1842), Jour, Hoy. As. Soc., Vol. VII, p. 160. 

l^ELLAHY. — KelsalU J- (1872), Bellary District Manual, p. 95. 

Nellobe. — Heyne, Dr, (1814), Tracts, p. 108, and J. A. S. B., Vol. IV, p. 576, Analysis, 
by Dr. Thompson ; Kerr, — (1833) ; J. A. 8. B., Vol. 11, p. 95 ; Brinsep, J. 
(1 835), J. A. S. B.. Vol. IV, p. 674 ; OucMerlony, Lt, (1842), Cal, Jour, of Nat. 
Hist., Vol. II, p. 283 ; and Mineral Keport, Madras ; Neiohold, Capt. (1842), 
Jour. Roy. As. Soc., Vol. VII, p. 160; Oldham, C.M., sjxAKing, W. (1872), 
Mem. Gool. Surv. India, Vol. VIII, p. 270; Boswell, J. A. C. (1873), 
Neilore Manual, p. 60; Mallet, F. M. (1879), Rec. Geol. Surv. India, Vol. XII, 
p. 166 ; Maclean, C, D. (1879), Standing information regarding Administra- 
tion of Madras ; King, W,, and Foote, B. B. (1880), Mem. Geol. Surv. 
India, Vol. XVI, p, 77. 

Hydieabad.— TF a/Ijtfr, Dr. (1855), Madras Journal of Lit. and Science, Vol. XVI, 
p. 183. 

Bengal : Sontal Pabganas. — Sherwill, Capt. (1860), J. A. S. B., Vol. XX, p. 1 ; 
and Friend of India, Feby. 28, 1850; Piddington, H. (1861), J, A. S, B., 
Vol. XXI, p. 74; Barratt, J. (1866), Letter to Messrs. Mackey and Co. 

ChutiaNaopue ; Hazaeibagh (Babagunda).— H. (1863), J. A. S. B., 
Vol. XXII, p. 311 ; McClelland, Dr. J. (1849), Report on the Geol. Survey of 
India, p, 23 ; Smith, D. (1867), Report on the Singrowli and Karharbari coal- 
fields, 

Manbiium. — Ball, V. (1870), Rec. Geol. Surv. of India, Vol. Ill, p. 76 ; The Same 
(1881), Mem. G. S. I., Vol. XVIII, p. 108. 

SiNQUUHTTM . — Jones (1833), Vol. XVIII, p. 170; Pickets, JET. (1854), Sel. Rec. Ben.‘ 
Govt., No. XVI, p. 77 ; Haughton, Col. J. C. (1864), J. A. S. B., Vol. XXIII, 
p. 103, with a map ; Piddington, B. (1865), Op. cit. Vol. XXIV, p. 706 ; 
Durschmidt, — (1857), Report with map, pamph. Calcutta ; Stwhr, Dr. E., 
Jarh. fur Min., 1857, p. 47, and 1864, p. 129 ; The Same (1861), Ver. der Nat. 
Gesel. in Zurich, Vol. V, p. 328; Wislicenus. J. (1803), Ziets. Nat. Ver. 
Sachs, u. Thur. Halle, p. 196; Stcehr, Dr. E., and Ball, V. (1870), 
Rec. Geol. Surv. India, Vol. Ill, pp. 86-103 with a map. Ball. V. (1881), 
Mem. G. S. T. Vol. XVIII, p. 83. 

Falamow. — Prinsep, J. (1842), J. A. S. B., Vol. XI, p, 830 ; Ball, V. (1878), Mem. 
Geol. Surv. India, Vol. XV, p. 125. 

Central Provinces : Raieue. — Ball, V. (1877), Records G. S. I., Vol. X, p. 185. 

JAEALruE.— T. TF, H. (1870) Records, G. S. I., Vol. Ill, p. 70. 

Chanda. — Grant, C. 1870, Gazetteer C. P., Art. — Chanda, p. 135. 

NAESiNGnruE. — Ball, V. (1874), Rec. Geol. Surv. India, Vol. VII, p. 62 ; (1873-74), 
Adm. Rep., Cent. Prov., p. 71. 

Rewah. Sherwill, Capt. (1853), Geological Map of Bengal. 

Sheegaeh District.— E. B. (1869), Mem. G. S. I., Vol. IT, p. 35 ; Mallet, 
F. B, (1868), Records G. S. L, Vol. 1, p. 16. ; N. W. P. Gazetteer, Vol. I, p. 323. 

Rajputana : Alwae. — Backet, C. (1877), Rec, G. S. I., Vol. X,p. 91 ; and (1880), Op. 
cit., Vol. Xlll, p. 243 ; Major Cadell (1878), Ulwar Gazetteer, p. 82. 

Jaipur. — ? Boileau, Capt. A. E. (1831), Gleanings in Science, Vol. Ill, p. 380 ; Prin^ 
sep, J. (1836), J. A. S. B., Vol. IV, p. 681 ; Brooke, Col. J. C. (1864), J. A. 



APPENDIX E— COPPER. 


613 


S. B., Vol. XXIII, p. 519 ; Anonymous (1879), Rajputana Gazetteer, Vol. I ^ 
p. 14 and Vol. II, p. 126; Hacket, C. (1880), Kec. Geol. Sarv. India, 
Vol. XIII, p. 243. 

AjMrR.— J., and Dixon, Capt. (1836), J. A. S. B., Vol. IV, p. 581 ; Imine, Dr. 
(1811), Medical Topography of Ajmeer, p. 169 : Lyall, A. C. (1875), Sel. 
Rec. Govt. India, No. CXIX, p. 67 ; Latouche, J. D. (1876), Ajmir-Merwara 
Gazetteer, p, 6 ; JIacket, C. (1880), Rec. Geol. Surv. India, Vol. XIII, p. 244. 
Bikanir. — Poioleti, Capt. (1874), Gazetteer of the Bikanir State, p. 97. 

Bombay : Dhaewae. — Newhold, Capt. (1842), Jour. Roy. As. Socy., Vol. VII, p. 160; 
Madras Jour, of Lit. and Sci , Vol. XI, p. 42 ; ioote D, B, (1874), Rec. G. S* 
I., Vol. VII, 140. 

Balochistan.— Z) eZa Hoate, Capt. (1840), Trans. Bomb. Geol. Socy., Vol. VI, p. 117 ; 
and J. A. S. B„ Vol. IX, p. 30 ; LeMessurier, A/a/or (1844), Jour. Bombay As. 
Socy., Vol. II,! p. (109 ; A. IF. (1877), (Tbecountry of Balochistan), 

p. 22 ‘ 

AFaHANisTAN. — Lovdt Dr, (1838), J, A. S. B., Vol. VII, p. 636; Drummond, Oupi* 
(1841), J. A. S. B., Vol. X, pp. 74, 91 ; and Indian Review, Vol. VI, p. 412 ; 
Hutton, Capt, (1846), Cal. Jour. Nat. Hist., Vol. VI, p. 697 ; Aicheson, jD»** 
(1880), P. A. S. B., p. 4. 

Kashmir : Ladak. — Moorcroft (1841), Travels, Vol. I„ p. 313 ; Jaoquemoni (1831), 
Voyage dans Tlnde ; Cuningham, Genl, (1854), * Ladak' p. 234 ; Lydekher, M. 
(1880), Rec. G. S. I., Vol. XIII, p. 40. 

Punjab Salt Range. — Fleming, Dr. (1863), J. A. S. B., Vol. XII, p. 267 ; Theobald, 
W. (1864). Op. eit., Vol, XXIII, p. 661; Wynne, A. B. (1880), Mem. G. S. I., 
p. 91. 

SiBMUE. — Blane, Capt. (1823), Trans. Roy. As. Socy., Vol. I, p. 61. 

Kulu. — Calvert, J., * Kulu.' 

Kumaun AND Garhwal. — Herbert, CapU (1829), As. Res., VoL XVIII, p. 239; 
McClelland, Dr. J. (1835), Geology, &c., of Kemaon, p. 169; Drummond, 
Capt. (1838), J. A. S. B., Vol. VII, p. 934; and Indian Review, Vol. Ill, p. 
632 ; Glasfurd,Lt.F. (1839), As.'Res., Vol. VIII, p. 471 ; Lushington, G. T. 
(1843), Op. c,i7., Vol. XIT, p. 453; Rekendorf Siegmmid\(lM'^), Op. cit., 
Vol. XIV, p. 471; Beckett, J. O’B. (1850), Sel. Rec., N. W. P., Vol. II, 
p. 67; Drummond, Capt. (1861), Ex. from Punj. Corresp., N. W. P., new 
series. Vol. Ill, p. 22 ; Hemoood, W. J. (1855), Sel. Rec. Govt, of India, 
Vol. VIII; Barratt, J. (1856), Vol. XVII, p. 61; Lawder, A. (1869, 
Rec. G. S. I., Vol. II, pp. 87, 88, 93; Atkinson, E.T. (1877), Economic 
Mineralogy of the Hill Districts, Allahabad, p. 20. 

Hudson, B. (1833), J. A. S. B., Vol. II, p. 95 ; Piddington, H. (1854), J. 
A. S, B., Vol. XXIII, p. 170; James, Capt. (1856), Letter to Secy, of Govt. 
Bengal, dated 23rd June ; Vide Mem. Geol. Surv. India, Vol. XI, p. 94. 
Darjiling. — Campbell, Dr., and Piddington, H. (1854), J. A. S. B., Vol. XXIII, 
pp.^206 and 477 ; and (1855), Op. cit., Vol. XXIV, pp. 251 and 707 ; (1866), 
Op. cit., Vol. XXV, p. 363 ; James, Capt., and Taylor, T. (1866), Letter to 
Sec, Govt. Bengal, dated 23rd June; Blanford, H. F. (1861), Percy's 
Metallurgy, p. 387 ; Mallet, F. B. (1876), Mem. Geol. Survey, Vol. XI, p. 69; 
and Stat. Ac. Ben., Vol. X, pp. 142-152. 

Assam.— W. (1841), * Assam,’ p. 36. 
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Tenasseeim.— Eev. F. (I860), Natural Productions of Bunuah, p. 38 ; 0’i?/Zcy, 
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Vol. XVI, p. 1134; Wall,F. W. (1858), Madras Jour, of Lit. and Sci., 
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II, p. 517, J. A. S. B. (1854), Vol XXIII, p. 92 ; Piddington, H. (1863), 
Vol XXII, and 208 ; Wynne, A. B. (1878), Mem. G. S. I., Vol XIV, pp. 
283-284. 

Kk.-SQ-Sik.—MedlicoU, H. B. (1865), Mem. G. S. I., Vol. Ill, p. 178; Official Corre- 
spondence, Indian Economist, Vol. Ill, p. 216. 

Mundi. — Calvert, J., ‘ Kulu,’ pp. 10, 91. 

SiBMUB. — Blane, Capt. (1823), Jour, Roy. As. Soc., Vol. I, p. 61. 
CyTsmkOE.—Boileau, Capt. (1831), Gleanings in Science, Vol. Ill, p. 327. 

Kumaun.— jfferierf, Capt. (1829), As. Rea., Vol. XVIII, p. 250; and Indian Review^ 
Vol. II, p. 848 ; Beckett, J. GB. (1850), Sel Rec. Govt. N. W. P., new 
series, Vol. Ill, p. 22; Drummond, Col. (1852), Report; Henwood, W. J . 
(1866), Sel Rec. Govt. India, No. VIII ; (1865), Official Correspondence and 
Report, Sel. Rec. Govt. India, No. VIII, Supp. ; Sowerhy, W,, Borratt, J,, 
(f'c. (1866), Sel Rec. Govt. India, No. XVII; Strachey, Major B* (1856), 
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(1869), Sel. Rec. Govt India, Vol. XXVI ; OldAam, Dr, 1, (1860), Report, 
Public Works Dept., 1861-62; Bauerman^ H, (1873), Reports; Hugh&t^ 
W. H. (1874), Rec. Geol. Surv. India, Vol, VII: Atkinson, JE. T, (1877), 
Economic Geology of Hill DisU'icts, N. W. P., Allahabad, Pamp. See also 
Engineers' Journal, Vol. I, (1868), pp. 84, 100; Vol. 11 (1669), pp. 286, 362; 
Vol. Ill, pp. 66, 93, 132, 156; Vol. IV, p. 164 ; and Indian Economist, Vol, 
I, p. 92, and Vol. V, p. 217 ; Warth, Dr. (1881) Indian Forester, Vol. VI, 

p. 211. 

Assam. — Bobmson, IF. (1841), Descriptive Account of Assam, p. 34; Hannay, Col, 
(1866), J. A. S. B., Vol. XXV, p. 330; Macnamara, Dr, (1856), Op, cit,, pp. 
362 and 426 ; Mallet, F. B, (1876), G. S. I., Vol. XII, p. 359 ; The Same 
(1877), Rec. G. S. I., Vol. X, p. 162 ; JTunfer, Dr. W, W. (1879), Statistical 
Account of Assam, Vol. I, pp. 21, 231, 260, 299, 380. 

Khasi and Jainti Hills. — Walters, II. (1828), As. Res., Vol. XVII, p. 499; (1829), 
Gleanings in Science, Vol. I, p. 252 ; Janes (1829), Op. cit., p. 284 ; Cracroft, 
W, (1832), J. A. S. B., Vol. I, p. 150; Watson, Col. T. C. (1834), 
Op, cit., Vol. Ill, p. 26 ; Hooker, Sir J. D, (1854), Himalayan Journals, 
Vol. II, p. 310; Yule, Lt. (1842), Op. cit. Vol. XI, p. 853; Oldham, 
Dr, T, (1869), Mem. G. S. I., Vol. I, p. 201 ; Allen (1858)* Report ; (1878), 
Administration Report, p. 18; Hunter, W. W. (1879), Statistical Account 
of Assam, Vol. II, p. 210, 235. 

Bdema: Veqxj.- T heobald, W. (1873), (1869), Rec. G. S. I., Vol. II, p. 83 ; (1874), 
Op. cit., Vol. VI, p, 91 ; and (1873), Mem. G. S. I., Vol. X, p. 343 ; Low, 
Capt, (1836), Jour. Roy. As. Soc., Vol. HI, p. 49. 

Tavoy and Mebgui, — Heifer, Dr. (1839), Second Report on Provinces ofYe, Tavoy, 
and Mergui, p. 28 ; Blundell, E. A., and Ure, Dr. (1843), J. A. S. B., Vol. 
XII, p. 236 ; Mason, Bev. F. (1850), Natural Productions of Burma. 

Uppee Buema. — Oldham, Dr. T. (1855), Yule's Mission to Court of Ava, p. 346 ; 
Blanford, W. T. (1862), J. A. S. B., Vol. XXXI, p. 219; Anderson, Dr. T. 
(1871), Expedition to Yunan vid Bhamo ; Strover, Major (1873), Indian Eco- 
nomist, Vol. V, p. 14. 
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Madbas : Tmcm^ovohi.— Blanford, H. F. (1865), Mem. G. S. I., Vol. IV, p. 214. 
l^iLGiEis. — Blanford, II. F. (1869), Mem. G. S. I., Vol. I, p. 248. 

Bengal : Rajmaual Hills. — Ball, V. (1877), Mem., G. S. I., Vol. XIII, p. 163. 
SiNGHBHUM. — Houghton, Col. J. C. (1855), J. A. S. B., Vol. XXIII, p. 118. 

CeyTEAL Peovinces: Raipub. — Centl. Prov. Adm. Rep. (1861-62), p. 123. 

Balaghat. — Grant, C. (1870), Centl. Prov. Gazetteer, p. 123. 

J jiBALWR.— Oldham, T. (1872), Rec. G. S. I., Vol. V, p. 9. 

Naopvb and Chanda. — Jenkins, Capt. (1829), As. Res., Vol. XVIII, p. 213 ; TFi7- 
kinson, Capt. (1843), Cal. Jour. Nat. Hist., Vol. HI, p. 290. 

Bomfat, Kholapue.— Major (1854), Sel. Rec. Bomb. Govt., Vol. VIII, 
p. 34. 

CiTTCH.— Wynne, A. B. (1872), Mem. G. S. 1., Vol. IX, p. 90. 

Sikkim. — Campbell, Dr., and Piddington, H. (1850), J. A. S. B., Vol. XIX, p. 143. 
Buema. — Bev. F. Mason (1850), Natural Productions of Burma, p. 42. 
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J. (1833), J. A. S. B., Vol. II, p. 321 : JMalletf R,, Mem. G. S. 
I, Vol. VII, p. 121. • 

Punjab. — Bad&n^Powellt JST. (1868), Punjab Products, p. 66 ; Wynne, A» B. (1878)* 
Mem., G. S. I., Vol, XIV, p. 302. 

IRON PHOSPHATE. 

Assam. — Cal. Jour. Nat. Hist., Vol. Ill, p. 163. 

Nepal.— jBT. B. (1872), Rec., G. S. I., Vol. VIII, p. 100. 

CORUNDUM. 

Teavancoee.— Dr. (1867), Sel. Rcc. Govt. Madras, No. XXXIX, p. 94. 
CoiMBATOEE. — Newhold, Capt. (1842), Jour. Roy. As. Soc., Vol. VII, p. 224. 

Salem. — Newhold, Capt, (1842), Jour. Roy. As. Soc., Vol. VII, pp. 219, 224 ; 

Camphellf J, (1842), Cal. Jour.Nat. Hist., Vol. II, pp. 281 and 306 ; Balfour, 
Dr, (1857), Sel. Rec. Govt. Madras, No. XXXIX, p. 91. 

Mysoee. — Clarke, Dr. (1839), Madras Jour. Lit. and Sci., Vol. IX, p. 121 ; Newhold, 
Capt, (1840), Madras Jour, of Lit. and Sci., Vol. XI, p. 46 ; The Same (1842), 
Jour. Roy. As. Socy., Vol. VII, p. 219 ; Jameson, Prof, Edinburgh Cabinet 
ijibrary. No, VIII, pp. 349-60 ; Da^owr, Dr. E, (1857), Sel. Rec. Madras 
Govt., No. XXXIX, p. 88 ; (1870*71), Administration Report, Mysore ; Bice, 
L, (1877), Mysore and Coorg Gazetteer, 

Noeth Abcot : Kistna and Godavaei. — Balfour, JDr, E. (1857). Sel. Rec. Madras 
Govt., No. XXXIX, p. 90, &c. 

Htdeeabad. — Walker, Dr^ (1851), Madras Jour, of Lit. and Sci., Vol. XVI, p. 187. 
Dengal: SiNGBnuM. — Eaughton, CoL (1855), Jour. As. Soc., Bengal, Vol. XXIIl, 

p. 118. 

Monghye. — Hunter, W, W, (1877), Statistical Account of Bengal, Vol. XV, p. 31. 
Centbal Pbovinces. — Macintire, Dr., and Piddington, H. (1860), J. A. S. B., Vol. 

XIX, p. 489 ; Grant, C. (1870), Central Prov. Gazetteer, p. 606. 

Rewah. — Buchanan {Hamilton), Dr, (1820), Edinb. Phil. Jour,, Vol. II, pp. 306, 307 ; 
Shertvill, Capt. W. S. (1845), J. A. S. B., Vol. XIV, Proc., p. XV ; Mallet, 
F. B. (1872), Records G. S. I., Vol. V, p. 20 ; and (1873), Vol. VI, p. 43. 
Khasi Hills.- F. B. (1879), Records G. S. I., Vol. XII, p. 172. 

Bubma. — Mason, Bev* F. (1860), Natural Productions of Burma, p. 26, 

SAPPHIRE. 

Hydeeabad.— Dr. (1850), Madras Jour. Lit. and Sci., Vol. XVI, p. 186; 

Grant, C. (1870), Central Provinces Gazetteer, p. 506. 

Punjab : Kulu. — Calvert, J., Kulu, p. 54. 

Uppke Bubma. — See references to Ruby. 

RUBY. 

Madeab : Salem. — Newhold, Capt, (1842), Jour. Roy. As. Soc., Vol. VII, p. 224. 
Mysoee. — Clarke, Dr. (1839), Madras Jour, of Lit. and Sci., Vol. IX, p. 121. 

Uppee BuemA. — Guiseppe D'Anato, Pere (1833), J. A. S. B., Vol. II, p. 76 ; Old- 
ham, Dr. T. (1855), Col, Yule’s Mission to Ava, p. 347 ; Strover, Major 
(1873), Indian Economist, Vol. V, p. 14; Balfour, Dr. (1873), Cyolo- 
pa>d*a, Art, — Ruby. 
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Primep, J. (1832), J. A. S. B., Vol. I, p. 363 } TTooi, Li. (1887), Journey 
to Oxu8, p. 315. - 

Uppbe Boema . — MasQUf JRev , F. (1860), Natural Productions of Burma, p, 27. 

ALUM, 

^^n£,^.-8herwill, Capt (1846), J. A. S. B., Vol. XV, p. 68. 

Rajputana : Jaipue.— J. C., CoL (1864), Jour. As. Soc. Bengal, Vol. XXXIII, 
p. 625 ; Hachei, C. (1880), Records G. I., Vol. XIII, p. 246 j McMurdo, 
Capt, (1818), Bomb, Lit. Soc. Trans., Vol. II. p. 210. 

CuTCH. — Anonymous (1 831), Gleanings in Science, Vol. Ill, p. 384 ; Grant, C, W, 
(1837), Trans. Geol. Soc., Loud., second series, Vol. V, p, 296 ; Maikes, Lt. S, 
JV., (1864), Sel. Rec. Govt. Bombay, No. XV, p. 72 ; Wynne, A. B. (1872), 
Mem. G. S. I., Vol, IX, p. 87 ; Campbell, J, M. (1880), Bombay Gazetteer, 
Vol. V, p. 19. 

Sind.— Ficary, Capt. (1847), Quar. Jour. Geol. Socy., Vol. Ill, p. 343. Reprinted iu' 
Dr, Carter’s Collection of papers ; Blanford, W. T. (1880), Mem. G. S. I., 
Vol. XVII, p. 196. 

Afghanistan. — Sutton, Capt. (1846), Cal. Jour, Nat. Hist., Vol. VI, p. 603 ; 
Jameson, Dr. (1843), J. A. S. B., Vol. XII, p. 212 ; Fleming, Dr, (1848), Op, 
cit, Vol. XVII, p. 622. 

Punjab: Teans-Indus.— TF yTJWtf, Jt. I?. (1878), Mom. G. S. L, Vol. XIV, p. 293; 
The Sams (1880), Op. cit., Vol. XVII, p. 93. 

Salt RANGB.-i^/emmy, Dr. A. (1848), J. A. S. B., Vol. XVII, pt. II, p. 622 ; 
Wynne, A B. (1878), Mem. G. S. I., Vol. XIV, p. 301. 

Noeth-West Pbovinces ; Kumaun, — Atkinson, E, T, (1877), Economic Geology of 
Hill Districts of N. W. P., pamph, Allahabad. 

Nepal. — Stevenson, J, (1833), J. A. S. B., Vol. II, pp. 321 and 005 ; Campbell, Dr. A. 
(1833), J. A. S. B., Vol. II, p. 482. 

Assam.— F. E. (1876), Mem. G. S. I., Vol. XII, p. 361. 

Bvuvlk.— M ason, Bev, F. (1860), Nat. Prodcs. of Burma, p, 33 ; Admn. Rep. of 
British Burma for 1861-62, p. 39. 

CERIUM. 

Madbas : Kabnul. — Newhold, Capt., and Fiddington, H. (1840), J. A. S. B., Vol. XV, 
p. 62 ; and Jour. Roy. As. Socy., Vol. VIII, p. 315. 

CoEOMANDBL. — Damour, M. A. (1862), Bull, Soc. Geol. Prance, 2ud Ser., Vol. XIV, 
p. 650. 

mTAh.-^Fiddington, E. (1864), J. A. S. B., Vol. XXIII, p. 173. 

EPSOMITE. 

Punjab : Spiti. — Mallet, F. R. (1866), Mem. G. S. I., Vol. V, p. 160. 

Salt-Range. — Tscherfnak (1874), Rec. G. S. I., Vol. VII, p. 64; Wynne, A, B. 
(1878), Mem. G. S. I., Vol. XIV, p. 80. 

MAGNESITE. 

Salem. — Frinsep, J. (1835), J. A. S. B., Vol. IV, p. 510 ; Benza, Dr. (1836), Mad- 
ras Journal of Literature and Science, Vol. IV, p. 22 ; Netohold, Capt. (1842), 
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Nat Hist, Vol II, p. 280 ; and (1646), O??. cit, Vol VI, p. 212^ M*Otd. 
land, Da J. (1846), Cal. Jour, Nat Hist, Vol. V, p. 441 j 
Foote, D. D. (1864), Mem, G. B, I,, Vol, IV, p, 90, ^ 
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Salem. — CampbeU, Capt. X (1846), Cal. Jour. Nat Hist, Vol. VI, p. 213. 

Mysoee,— {Hamilton), Dr. (1807), Journey through Mysore, Vol. II, 
pp. 62, 142, 146, 146, 244, 390 ; Neiohold, CapL (1848), Jour. Roy. As. Socy., 
Vol. XI, p. 11; Mysore Adm. Report(1870-71), App. Ill P. ; Op, oit (1871.72), 
App. HI F. ; Op, cit. (1878-79), p. 24 ; Bice, X. (1876), Mysore and Coorg 
Gazetteer, Vol. IT, p, 288. 

Hybeeabad. — Heyne, Dr. (1814), Tracts, p. 272. 

Oeissa. — Stirling (1825), As. Res., Vol. XV, p. 163. 

Bengal : Midnapue.— ( 1859), Mem. G. S. L, Vol. I, p. 278. 

GyA.~Bongal Adm. Rep, (1876-77), p. 166 ; Eunter, W. JF, (1877), Statistical Ac- 
count of Bengal, Vol. XII, p. 26. 

Manbhum and Singhbhum.— D aW, 1^.(1881), Mem. G, S. I., Vol. XVIII, pp, 
111, 148. 

Cknteal Pbotinces. — Wilkinson, F, (1843), Cal. Jour. Nat. Hist, Vol. Ill, p. 291; 
Elslop, S.y and Hunter, B, Bevs. (1854), Quar. Jour, Geol. Socy,, Vol, XI, 
p. 380; Medlicoti, J, G. (1860), Mem. G. S. I., Vol. II, p. 137, 

Beeae : WuN. — Gazetteer (1870), p. 27. 

Rajputana: Jaipue, — Hachet, C. (1880), Rec. G. S. I., Vol. XIII, p. 245. 

Bombay : IIatnagiei. — Gibson, Dr. (1844), Jour. Bomb. Br. Roy. As. Socy., Vol. I, 
p. 144. 

Dhaewae. — Christie, Dr. (1836), Madras Jour. Lit and Sci., Vol. IV, p. 462 ; New- 
bold, Capt. (1845), J. A. S. B., Vol. XIY, p. 284 ; Foote, B. B, (1876), 
Mem. G. S. I., Vol, XII, p. 258. 

Afghanistan.— XT. B. (1880), Proc. As. Soc. Bengal, p. 3. 

Noeth-West Peovinces: GABWiL.— Herbert (1829), As. Res., Vol. XVITI, 
p. 233 ; Atkinson, F. T, (1877), Economic Geology of Hill Districts, N- 
W. P., Pamph. AUahabad, 1877, p. 34. 

Bhutan.— GodwinAusten, Col, (1868), J. A. S. B,, Vol. XXXVII, p, 121 ; Mallet, 
I. B. (1875), Mem. G. S. I., Vol. XI, pp, 35, 90. 

Buema. — Theobald, W, (1871), Rec. G. S. I., Vol. IV, p. 43 ; The Same (1873). 
Mem. G. S. I., Vol. X, p. 362. 

SERPENTINE. 

Kadapah and Kaenul.— ir%, W., and Foote, B, B. (1872), Mem. G. S. I., Vol. 
VIII, p. 282. 

Mysore. — Newbold, Capt. (1847), Jour. Roy. As. Socy., Vol. IX, p. 10. 

Bengal : Singbhum.— D a/^, V. (1881), Mem. G. S. I., Vol. XVIII, p. 103. 

Punjab.- F. B. (1866), Mem. G. S. I., Vol. V, p. 172 ; Calvert, J., * Kulu/ 
T>. 4». 
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Burma. — Theobalds W, (1873), Mem. G. S. I., VoL X, p. 143; Rev, F, 

^ (1850), Nat. Productions, Burma. 

Andaman Islands,— V. (1870), Jour. As. Soc. Bengal, Vol. XXXIX* p- 237. 
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(1880), Mem. G, S, I., Vol. XVII, p. 196. 

Baloohistan. — Vicary, Capt. (1846), Quar. Jour. Geol. Socy. London, Vol. II, p. 20; 

Ball, V. (1874), Rec. G. S. I., Vol. VII, p. 152. 

Afghanistan. — Hutton, Capt. (1846), Cal. Jour. Nat. Hist., Vol. VI, pp. 585, 604 ; 

Grieshach, C. L. (1881), Mem. G. S. I., Vol. XVIII, p. 69. 
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F'leming, Dr. (1848), Vol. XVII, p. 602; Baden-Powell, II. (1868), Punjab 
Products, p. 41 ; Lyman, S. (1870), Punjab Oil Lands, pp. 2 and 3 ; Wynne, 
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^viTi.— Mallet, F. B. (1866), Mem. G. S. 1., Vol. V, p. 163. 
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Burma. — Mason, Bev, F. (1870), Nat. Prod, of Burma, p. 31 ; Mallet, F. B. (1878) 
Rec. G. S. I., Vol. XI, p. 222. 
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Bengal : Hazaeibagh,— F. B. (1874), Rec. G. S. I., Vol. VII, p. 43. 
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Central Provinces : Sambalpur. — Ball, V. (1877), Rec. G. S. I., Vol. X, p. 178. 
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Afghanistan.— ZorcZ, Dr. (1839), Indian Review, Vol. HI, p. 318; MedlieoU, R. B. 

(1880), Proc. As. Soc. Bengal, p. 3 ; Grieshach, C. L., Mem. G. S. I. Vol. 
XVII, Ft. I ; Medlieott, H. B. (1864), Mem. G. S. I., Vol. Ill, p. 176. 

Punjab.— PacZtfw-PoiceZZ, AT. (1868), Punjab Products ; Wynne, A. P.,Mem,G. S. I., 
Vol. XI, p. 190 ; Vol. XVI, p. 298 ; and Vol. XVIT, p. 95. 

North-West Provinces : Kumaun and Garhwal. — Atkinson, E. T. (1877), Econo- 
mic Geology of Hill Districts of N. W. P., Allahabad, Pamph., p. 35. 

Darjiling.- JfaZZeZ, F. R. (1875), Mem. G. S. I., Vol. XI, p. 83. 

Jenkins, Capt. (1835), J. A. S. B., Vol. Ill, p. 303; Bushhy, G. A. (1845), 
J. A. S. B., Vol. XVII, p. 57 ; Oldham, Dr. T. (1859), Mem. G. S. I., Vol. I, 
p. 180 ; Mallet, F. R. (1876), Op. cit., Vol. XII, p. 361; Rnnter, W. W. 
(1879), Statistical Account of Assam, Vols. I and II. There are frequent 
allusions to this subject in the Bengal Administration Reports and Calcutta 
Gazette for the years from 1870-73. 

Burma: Abakan Division.— W. (1873), Mem. G. S. I., Vol. X, p. 345 ; 
Mallet, F. R. (1878), Rec, G. S. I., Vol. XI, p. 221. 
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Pecju Division. — Theobalds W. (1878), Mein. G. S. I., Vol. X, p. 343. 

Tenasseeim. — Jour. As. Soc., Bengal, Vol. XII, p. 238; Mason, Bev. F. (1860), 
Nat. Prod, of Burma, p. 29. 

Andaman Islands. — (1861-62), Report of Proc., P. W. D., p. 32 ; (1862), Engineers* 
Journal, Calcutta, Vol. V, p. 61 ; Ball, V. (1870), Jour. As. Soc., Bengal, Vol. 
XXXIX, p. 238. 

KANKAR. 

Madras. — Campbell, J. (1840), Indian Review, Vol. V, p. 267 ; and (1843), Cal. Jour. 
Nat. Hist., Vol. Ill, p. 25. 

TniNcniNOPOLi. — Blanford, H. F, (1869), Mem. G. S. I., Vol. IV, pp. 207 — 210. 
IVADAPAn AND Karnul. — King, W. (1872), Mem. G. S. I., Vol. VIII, p. 282. 
Bengal: BuEDWAN.-~PiWm9'^<^^» (1856), J. A. S. B., Vol. XXIV, p. 212; 

Iluffhes, T, W. H, (1874), Rec. G. S. I., Vol. VII, p. 123. 

Birbhum. — Hughes, T, W. H. (1874), Rec. G. S. I., Vol. VII, p. 124; Ball, F. 
(1877), Mem. G. S. I., Vol. XIII, p. 85. 

Central Provinces : Waedha. — Hughes, T. IF. H. (1874), Mom. G. S. I., Vol. 
XIII, p. 113. 

Bombay.— 15 Dr. (1862), Trans. Geol. Socy., Bomb., Vol. X, p. 220; Foote, B. B. 
(1870), Mem. G. S. I., Vol. XII, p. 268. 

North-West Provinces. — Murray-Thomson, Dr. (1872), Prof. Pap, Indian Engi- 
neering, Vol. I, 2ud Ser., p. 491; Nielly, A. (1872), Prof. Pap. Indian 
Engineering, Vol. I, 2nd Ser., p. 162. 


CEMENT. 

India. — (1871), Indian Economist, Vol. II, p. 276. 

Bengal. — Dejoux, P. (1875), Supp. Gazette of India, p. 85 ; Nielly, A, (1875), Prof. 

Pap. Indian Engineering, 2iid Ser., Vol. VI, pp. 127 and 378. 

Punjab: Kohat.— A. B. (1875), Mem. G. S. I., Vol. XI, p. 294. 
North-West Provinces. — Dejoux, P. (1873), Prof. Pap. Indian Engineering, Vol. 
11, 2nd Ser., p. 9. 

Assam. — Prinsep, J. (1829), Gleanings in Science, Vol. I, p. 91. 

BARITE OR BARYTES. 

M.ADRAS : Karnul. — Ncwhold, Capt. (1858), Madras Jour. Lit. and Sci., Vol. XX, 
p. 280; King, W. (1875), Mem. G. S. I., Vol. VllI, p. 273. 

Rewah.— F. B. (1874), Mem. G. S. I., Vol. VII, p. 122. 

Rajputana: Ajmir. — Irvine, Dr. (1841), Account of Ajmir, p. 166. 


CELESTINE. 

Punjab. — Blanford, W, T. (1841), Mem. G. S. I., Vol. XVII, p. 196. 

SALT (SODIUM CHLORIDE). 

Madras. — (1879), Standing Information regarding Administration of the Madras 
Presidency, pp. 329-341. 

Madura. — Nelson, J. H. (1868), District Manual, Part V, p. 40. 

TeichinopOli and Salem. — Blanford, H. F, (1865), Mem. G. S. I., Vol. IV, p. 
215 ; King, W., and Foote, B. B. (1866), Idem, p. 374. 
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ChikgI/BPUT.— O roZe, C. S. (1879), District Manual, p. 307« 

Mybobe.— JDr, (1814), Tracts, p. 45 ; Administration Eeports, 1860 to 1871. 
H^BLLonn.—Bostvell^ J. A. C. (1873), District Manual, p. 67. 

Bellaey.*— iV*(?4oZ^ow, E. (1872), Madras Monthly Jour, of Mod. Sci., July, p. 1. 
Hydbeabad.— Afa?co/7w.«o%, Br. J. (1833), J. A. S. B., Vol. II, p. 77. 

Oeisba.— a. j. M. (1851), Sel. Rec. Ben. Govt., No. Ill, p. 39 ; BicJcets, JT., 
Se). Rec. Ben. Govt., No. XXX, p. 60 ; (1876-77), Beng. Adm. Rep., p. 156 ; 
and (1877-78), p. 169; Hunter, W. W., Statistical Account of Bengal. 
Bengal gene bally. — Reports of Dept, of Inland Customs ; Hunter, W, W,, Statistical 
Account of Bengal. 

Tirhut. — Ste'phenson, J, (1834), J. A. S. B„ Vol. Ill, p. 188. 

Sandurbans, — M' Clelland, Dr. J. (1842), Cal. Jour. Nat. Hist., Vol. II, p. 251. 
Tamluk. — Anonymous, Sel. Rec. Beng. Govt., No. XIII, p. 1. 

Central Provinces : Chanda- — Oldham, Dr. (1871), Rec. G. S. I., Vol. IV, p. 80. 
North-West Provinces. — Stephenson, J. (1834), J. A. S. B., Vol. Ill, p. 36; 
Burt, lAeut. J. S., Op. cit.,y}. 33 ; Athinson, E. T. (1876), North-West Prov. 
Gazetteer, Vol. Ill, pp. 34, 37, 450. 

Rajputana. — Anonymous, Gazetteer, Vol. I, p. 17 ; HacJcet, C. A, (1880), Rec. G. 
S. I., Vol. XIII, p. 19. 

Jaipur : Sambhae.* — Prinsep,J. (1836), J. A. S. B., Vol. V, p. 798 ; Adam, J. (1877), 
Stray Feathers, Vol. I, p. 363. 

Udepur. — Quhhins, C. (1838), J, A. 8. B., Vol. VII, p. 363. 

Alwae. — Powlett, Capt. (1880), Gazetteer, p. 86. 

Meywae : Panchbadra. — Burnes, Sir A, (1833), J. A. S. B., Vol. II, p. 365. 
Bombay. — Buist, Dr. (1852), Trans. Bomb. Geol. Socy., Vol. X, p. 219 ; Adm. Reports 
by Govt, of Bombay. 

Sataea. — Oyilvy, T. (1867), Sel. Roc. Bomb. Govt., No. XLI, p. 178. 

Cambay. — Campbell, J. M. (1880), Bomb. Gazetteer, Vol. VI, p. 208. 

CuTCH. — Wynne, A. B, (1872), Mem. G. S. I., Vol. IX, p. 89. 

Sind. — ( 1855), Sel. Rec. Bomb. Govt., No. XVII, p. 705; Bailees, Capi» 8. N. (1866), 
Op. cit., No. LIV, p. 60 ; Blavford, W. T. (1877), Rec. G. S. I., Vol. X, 

p. 10. 

Hurmuz, in Persian Gulf. — Blanford, W. T. (1872), Rec. G. S. I., Vol. V, p. 42. 
Afghanistan. — Hutton, Capt. (1846), Cal. Jour. Nat. Hist., Vol. VI, p. 601 ; MedH 
cott, H. B. (1880), Proc. As. Soc, Bengal, p. 123. 

Salt Rnage. — A in-i-Akbari, Gladwin^s Kd., Vol. II ; Burnes, Sir A. (1832), J. A. 

S. B., Vol. I, p. 145 ; Jameson, Dr. (1843) . Op. cit,, Vol. XII, p. 183 ; 
Giraud, Dr, (1843), Bom. B. Roy. As. Soc., Vol. I, p. 303 ; Fleming, Dr, 
Op, Vol. XVII, part II, p. 600, and Vol. XXll, pp. 229, 333, 444; 
Wynne, A. B. (1878), Mem. G. S. I., Vol XIV, p. 284; and (1880), Op. cit,, 
Vol. XVir, p. 92. 

Kohat. — Wynne, A. B., and Warth, Dr. H. (1876), Mem. G. S. L, Vol. IX, p. 299, 
et ante. # 

Guegaon District : Sultanpue. — Hume, A. O. (1869), Engineers' Journal, Calcutta, 
Vol. XII, p. 230. 

Darjiling. — Mallet, F. B. (1875), Mem. G. S. L, Vol. XJ, p. 91. 

Assam. — Dalton, F. 2\, and Hannay, Cols. (1863), J. A. S. B.,Vol. XXII, p. 618; . 
Bohinson, W. (1841), Assam, p. 33; Hunter, W. W. (1879), Statistical 
Account of Assam, Vols, I and II. 
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Bpkma. Adm. Rep. (1866-66), p. 49 ; and 1873-74, p.73 ; Theohali, W. (1873), Koc. 
G. S. I., Vol. VI, p. 67 and (1873), Mem. G. S. I., Vol. X, p. 361 (1880) 
British Burma Gazetteer, Vol. I, p. 416. 

Uppee BuEMi.. — Strover, Major (1874), Indian Economist, Vol. V, p. 14. 

SODIUM CARBONATE. 

Madeas : Salem— Capt, (1842), Trans. Bomb. Geog. Socy., Vol. VI, p. 163, 
and Jour. As. Socy. Bengal, Vol. X, p. 169. 

Mysoee.— JVeywc, 2)r. (1814), Tracts, p. 45. 

Hyderabad. — Walker^ Dr, (1851), Madras Jour, of Lit. and Sci., Vol. XVI, p. 187, 
Beeae : Lonae Lake. — Ahdul Fazl Century), Ain-i-Akbari, Gladwin's Edn., 
Vol. II, p. 60 ; (1824), Edinb. Phil. Jour., Vol. XI, p. 308, with Plate j Mah 
colmson, J. O. (1837), Trans. Geol. Socy., Lond., 2nd Ser., Vol. V, p. 662 ; 
Orlehar, A. B, (1839), Trans. Bomb. Geol. Socy., Vol. II, p. 35 ; 
hold^ Capt. (1848), dour. Roy. As. Socy., Vol. IX, p. 40; Smith, Dr. G., 
Madras Jour, of Lit. and Sci., Vol. XVII, p. 1 ; Adm. Rep., Hyderabad 
Assigned Dist. (1861-62), para. 64; and 1867-68, p. 24; Lyall, A. C. (1870), 
Berar Gazetteer, p. 21 ; Jilanford, W . T . (1870), Rec. G. S. I., Vol. I, 

p. 62. 

Malwa. — Stewart, Capt. J. (1819), Trans. Lit. Socy., Bombay, Vol. Ill, p. 53. 
NuetH’West Peovinces and Oudh.— Inland Customs Dept, Adm. Reports. 

SODIUM SULPHATE. 

Behar and Noeth-West Provinces. — tinland Customs Depai-tment, Adm. Reports. 


India. — SeL Rec. Govt. India, No. XLII ; Medlicott, H. B. (1858), Jour. Roy. As. 
Socy., Vol. XX, p. 326. 

Noeth-West Provinces — Medlicott, H. B. (1873), Rec. G. S. I., Vol. VI, p. 12 ; 
and (1880), Vol. XIII, p. 273 ; Ceiiter, Dr. (1880), Idem, p. 253. 

BORAX. 

Kattywae P— Dr. (1787), Sel. Rcc. Bomb. Govt., Vol. XVI, pp. 129, 135. 

Kashmir : Puqa. — Cunningham, Gent. (1854), Ladak, p. 235 ; Marcadieu (1855), Sel, 
Pub, Corresp., Punjab, Vol. II, No. 12; Sel. Rec. Govt. India, Vol. VI, 
p. 191, and Vol. XIV, p. 38 ; Stollczka, F, (1866), Mem. G. S. I., Vol. V, 
p. 131. 

Thibet. — Herbert, Capt. (1829), As. Res., Vol. XVIII, p. 234; Atkinson, F. T, 
(1877) Economic Geol., Hill States, p. 33. 

Saltpetre : Madura — Nelson, J. H. (1868), District Manual, p. 24. 

Mysoeb. — Bice, L. (1877), Mysore and Coorg Gazetteer, Vol. I, p. 34. 

Nelloee. — Boswell, J.A. C. (1873), District Manual, p. 67. 

Guntur, SiC.—Heyne, Dr. (1814), Tracts, p. 312. 

Bengal and Noeth-West Provinces. — Vide Reports of Inland Customs Dept, and 
North-West Provinces Gazetteer, Bengal Adm. Reports, &c. 

RajputaNA: Alwar.— Major, F.W. (1878), Alwar Gazetteer, p. 86. 
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CuTCH. — Wynne, A, B. (1872), Mem. G-. S. I., Vol. IX, p. 88. 

Afghanistan. — Sutton, Capt, (1846), Cal. Jour. Nat. Hist., Vol. VI, p. 602. 
Uppee ^V'EyLk.—Strover, Major (1876), Indian Economist, Vol. V, p. 14. 


SYLVINE, POTASSIUM CHLORIDE. 

Punjab . Salt Range — Tsehernah, Dr. (1873), JaLr. der k k Geol. Reichsanstalt, 
Vol. XXIII, No. 2, p. 136 ; and Rec. G. S. I., Vol. VII, p. 64; Wynne, A. B., 
and Warth, Dr. (1878), Mem. G. S. I., Vol. XIV, p. 80. 

SILICA, ROCK-CRYSTAL. 

Teichinopoli. — Camphell, Capt. (1842) Cal. Jour. Nat. Hist., Vol. II, p. 282 ; Blan^ 
ford, H. F. (1865), Mem. G. S. I., Vol. IV, p. 217 ; King, W., and Foote, 
B. B., 370. 

Gotjavaei. — Camphell, Capt. (1842), Cal. Jour. Nat. Hist., Vol. II, p. 282. 
llrDEEABAD. — WalJcev, Dr. (1850), Madras Jour, of Lit. and Sci., Vol. XVI,|pp.l86- 
187. 

Crnteal Pbovinces : Sambalptje. — Ball, V. (1877), Rec. G. S. L, Vol. X, p. 183. 
North-West Provinces : Guegaon. — Sachet, C. S. (1880), Rec. G. S. I„ Vol. 
XIII, p. 250. 

Punjab. — Wynne, A. B. (1878), Mem. G. S. I., Vol. XIV, p. 268 ; 'Baden-Bowell, S. 

(1868), Punjab Products. 

Kulu. — Calvert, J., ‘Kulu,’ p. 92. 

Burma — Mason, Bcv. T. (1850), Nat. Prod., Buniia, p. 18. 

Rewa Kantha: Rutanpue or Rajpipla. — Samilton, Cajyt. (1681), New Account of 
the East Indies, Vol. I, p. 143 ; Copland, Dr. J. (1816), Trans. Lit. Soc. 
Bomb., Vol. I, p. 289 ; and Trans. Geol. Soc. Lond., Vol. IV, 1st Series, 
p. 447 ; Sove, Dr. (1787), Sel. Rec. Bomb. Govt., No. XVI, pp. 49-51 ; 
Kennedy, Dr. B. S. (1826), Trans. Med. and Pbys. Soc. Calcutta, Vol. Ill, 
p. 425 ; Fzdljames, Lt. J. (1832), Trans. Geol. So(‘j. Bombay, Vol. 1, p. 74; 
Lord, Dr. P. B. (1835), Jour. Roy. As, Soc., Vol. Ill, p. 77 ; Karl, Bitter 
(1836), Erdkundc, Asien, Vol. VI, p. 603 ; Wallace, Major B. (1854), Sel. 
Rec. Govt, of Bombay, No. XXIII, p, 269 ; Blanford, W. T. (1859), Mem. 
G. S. I., Vol. VI, p. 219; Campbell,^ J. M. (1880), Bomb. Gazetteer, Vol. 
VI, pp. 11, 198. 

Kaiu. — Camphell, J, A/, (1879), Bomb. Gazetteer, Vol. Ill, p. 15. 

.^Campbell, J. M. (1879), Bomb. Gazetteer, Vol. IV, p. 22, 

FLINT. 

Madras : Teichinopoli. — Blanford, S. F. (1865), Mem. G. S. I., Vol. IV, p, 213. 
Bellaey. — Kelsall, J. (1872), District Manual, p. 95. 

Bombay ; Dharwae. — Newbold, Capt. (1840), Madras Jour, of Lit. and Sci., Vol. XI, 
p. 46. 

Afghanistan. — Wynne, A. B. (1879), Records G. S. I., Vol. XII, p. 111. 

Punjab •. Bannu. — Baden-Powell, S. (1868), Punjab Products, p. 45. 


^ Mr, Cauipbull quotes a number of other authorities besides some of those above given 
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JADE. 

Bengal: Miezapub. — Mallei^ F. E. (1872), Records G. S. I., Vol. V, p. 22. 

Turkistan : Kaeakash. — Yule, Col. (1871), ‘Marco Polo,’ Vol. I, p. 177 ; Stoliczka,. 
F. (1874), Rec. G. S. I., Vol. VII, p. 51. 

hvEUA..— Sannay, Col., and Prhisep, J. (1837), J. A. S. B., Vol, VI, p. 266 ; 
Anderson, Dr. T. (1871), Expedition to Yunan, pp. 66, 827. 

ASBESTOS. 

Afghanistan. — Wynne, A. B. (1879), Rec. G. S. I., Vol. XII, p. 111. 

Punjab. — Baden-Powell, H. (1868), Punjab Products, p. 58. 

Noeth -West Provinces ; Gaehwal. — Atkinson, F. T. (1878), Economic Geologjr 
of Hill Tracts, N. W. P., Punjab, p. 34. 

BERYL— EMERALD. 

Coimbatore. — Newhold, Capt, (1840), Edinb. New Phil. Jour., Vol. XXIX, p. 241 ; 

and Madras Jour, of Lit. and Sci., Vol. XII, p. 171. 

Mysore. — Clarke, Dr. (1839), Madras Jour, of Lit. and Sci., Vol. IX, p. 121. 

Bengal : Hazaeibagh. — Mallet, F. E. (1874), Rec. G. S. I., Vol. VII, p. 43. 

Punjab : Spiti. — Mallet, F. E. (1866), Mem. G. S. I., Vol. V, p. 168. 

Burma. — Mason, Eev. F (1850), Natural Productions of Bimua, p. 28. 

GARNETS. 

Salem, Niloirts and Mysore. — Newhold, Capt. (1843), Jour. Roy. As. Soc., Vol. 
VII, p. 224 ; Balfour, Dr. E. (1857), Sel. Rec. Madras Govt., No. XXXIX, 
p. 95. 

Hyderabad. — Voysey, Dr. (1833), J. A. S. B,, Vol. II, p. 404 ; Walker, Dr. (1843), 
Corbyn’s Indian Review, Vol. VII, p. 10; Newhold, Capt. (1843), Jour. Roy. 
As. Soc., Vol. VII, p. 224 ; Walker, Dr. (1850), Madras Jour, of Lit. and 
Sci., Vol. XVI, p. 186. 

Nellore.— E. B. (1880), Mem. G. S. I., Vol. XVI, p. 164. 

Kistna, Kondapilli. — King, W. (1880), Mem”! Geol. Surv. India, Vol. XVI, p. 264. 
Vtzagapatam. — Carmichael, D. F. (1869), Vizag. Dist. Manual, p. 154. 

Orissa. — Kittue, Lt. (1839), Jour. As. Soc. Bengal, Vol. VTII, p. 372. 
BETLLU.—Shcrtoill, Capt. (1851), J, A. S. B., Vol. XX, p. 95. 

CnuTiA Nagpur : Hazaribagh. — Piddington, PL. (1860), Jour. As. Soc. Bengal,. 

Vol. XIX, p. 145 ; and XX, p. 207. 

SiNGHBHUM. — Haugliton, Col. J. C. (1854), J. A. S. B., Vol. XXIII. 

Central Provinces : Upper Godavari. — Grant, C. (1870), Ccntl. Prov. Gazetteer. 
Rajputana. — Lyall, Sir A. C., Sel. Rec. Govt., Vol. CXIX, p. 67 ; Kacket, C. A. 

(1880), Rec. G. S. I., Vol. XIII, p. 245. 

Punjab : Simla. — Mallet, F. E. (1866), Mom. G. S. I., Vol. V, p. 169. 

Burma. — Mason, Eev. F. (1850), Nat. Prod, of Burma. 

MICA. 

Anonymous (1838), Indian Review, Vol. II, p. 786. 

Madras ; Vizagapatam. — Carmichael, D. F. (1869), District Manual, p. 154. 
Bengal : Hazaeibagh. — Breton, Surgeon P. (1826), Trans. Med. and Pbys. Socy., 
Calcutta, Vol. II, p. 261; McClelland, Dr. (1849), Report on GeoL 
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Survey, p. 20; Mallei^ F. R. (1874), Rec. G. S. I., Vol. VII, p. 41 ; Jffnnter, 
‘TT. W. (1877), Stat. Ac. p£ Bengal, Vol. XVI, pp. 161.164^ and p. 171. 
Bkhab: Gya Disteiot.— MertotZ/, Capt. (1851), J. A. S. B., Vol. XX, p. 296. 
Ckntbal Peovinces : Balaghat Disteict. — Qranit C, (1870), Gazetteer of Central 
Provinces, Vol. XVIII. 

Bombay : Rewa Kanta Disteict. — Fulljames, Major J. (1862), Sel. Rec. Boml). 
Govt., No. XXIII, p. 101. 

LAPIS LAZULI. 

Rajputana r Ajmie. — Irvimt Dr. (1841), Topography of Ajmir, p. 162. 
Afghanistan. — Hutton, Capt. (1846), Cal. Jour. Nat. Hist., Vol. VI, 604. 
Babakshan. — Marco Polo (13th Centy.); Wood, Lieut. (1838), Journey to the Oxus, 
p. 203 ; Baden-Powell, H. (1868), Punjab Products, p. 65. 

BUILDING STONES. 

India. — Ball, V. (1874), Rec. G. S. I., Vol. VII, p. 98 ; Danvers, F. C. (1877), 
Information for Colonial Engineers (London, Spon). 

SouTHEEN India. — Newhold, Capt. (1843), Jour. Roy. As. Socy., Vol. VII, p. 113. 
Madeas : Thichinopou, Ac. — Blanford, H. F. (1865), Mem. G. S. I., Vol. IV, p. 

203 ; King, W., and Foote, M. B., Mem. G. S. I., Vol. IV, p. 367. 
Aecot.-JPoo^c, B. B. (1879), Rec. G. S. I., Vol. XII, p. 207. 

Niigibis. — Blanford, H. F. (1859), Mem. G. S. I., Vol. 1, p. 244. 

Kueg. — Adm. Rep. (1870-71), p, 40. 

Mysoee. — Adm. Rep. (1870-71), p. 74; (1872-73), p. 112; and Gazetteer, Vol. II, pp. 
3 and 341 . 

Chingliput. — Foote, B. B. (1873), Mem. G. S. I., Vol. X, p. 131. 

Kadapah and Kaenul. — King, W. (1842), J. A. S. B., Vol. XIII, p. 336 ; (1872), 
Mem. G. S. I., Vol. VIII, p. 281. 

Obibsa. — Anonymous (1839), Indian Review, Vol. Ill, p. 541. 

Midnapue. — Anonymous (1859), Mem. G. S. I., Vol. I, p. 276. 

Rajmahal Hills. — Ball, V. (1877), Mem. G. S. I., Vol. XIII, p. 82. 

Raniganj. — Blanford, W. T. (1864), Mem. G. S. I., Vol. Ill, p. 195. 
Ukiiiinvu.--Piddington, H. (1855), J. A. S. B., Vol. XXIV, pp. 212 and 704 ; 
Hughes, T. W. H. (1866), Mem. G. S. I., Vol. V, p. 332 ; Beng. Adm. Rep., 
(1878-79), p. 164; Ball, V. (1881), Mem. G. S. I., Vol. XVIII, p. 110. 
SiNGBHUM. — Ball, V. (1881), Mem. G. S. L, Vol. XVIII, p. 160. 

Centkal Peovinces; Nagpde. — Jenkins, Capt, (1829), As. Res., Vol. XVIII 
pp. 198, 202. 

Hughes, T. W. H. (1880), Mem. G. S. I., Vol. XIII, p. 114. 

Rajputana. — See Gazetteers of the several States. 

Cknteal India : Gwalioe. — Cunningham, Genl. (1854), Prof. Pap. Indian Engineer- 
ing, Nos. II, IV. 

Bombay. — Buist, Dr. (1851), Trans. Bomb. Geol. Socy., Vol.X, p. 217; (1871-72), 
Bomb. Adm. Reps., pp. 364, 365. For separate Districts see Gazetteer. 
Naebada Valley. — Blanford, W. T* (1866), Mem, G. S. I., Vol. VI, p. 379. 
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SLATE. 
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H. B. (1865), Mem. G. S. I., Vol. Ill, p. 176 ; Campbell, C. (1867), Prof. 
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(1877), Mem. G. S. I., Vol. XIII, p. 86. 

Raniganj. — Anonymous (1868), Engineers’ Journal, Calcutta, Vol, XI, p, 62. 
North-West Provinces, Fabakhabad. — Fyle, J. C, (1842), Cal. Jour. Nat. Hist., 
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Biniganj. — Medlicott, JEL and Hughes, 21 TT. JST. (1876), Record* ft. S, 1., Vol, 

VIII, p. 18. 

Qumi^s.^Mughes, T, W. JET. (1877). Mem. G. S. I.. Vol. XIII, p. 114. 
MAULMAiN.r-.4wo»3^*Mf (1842), Cal. Jour. Nat. Hist., Vol. n, p. 656. 

BRICKS. 

India. — The most important information on this subject is contained in a number of 
papers published in the Rurki Professional Papers on Indian Engineering, 

FULLER’S EARTH. 

Htdeeabad. — Heyne, Dr, (1814), Tracts, p. 273. 

lUjpuTANA : Ajmie. — Irvine Dr. (1841), Topography of Ajmir, p. 166. 

Bjran'ie. — Powlett , Major (1878), Gazetteer of Bikanir, p. 97. 

Bombay : ^xm.-^Jilanford, W. T . (1880), Mem. G. S. I., Vol. XVII, p. 195. 
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Salt-Range. — Wynne, A. B. (1878), Mem. G. S. I., Vol. XIV, p. 300. 
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Tocahulary of Hindustani Miner alogical and Mining terms ^ 

Ahrak — Mica, commonly but incorrectly called Talc- 
Agar — Pan for evaporation in the saltpetre manufacture. 

Ahak . — Quick lime. 

AH/c-— Camelian, Agate, &c. 
wets— Diamond . 

Asahai^-Jjit., giant’s bone ; applied to cellular travertin. 

Bilatir — Pock crystal. 

Buthni Devil’s (inferior) saiji (i.c., sodium corbonate)- 

ChaJemak — Flint. 

Chamak jpathar — Magnetic oxide of iron. 

ChancK - Silver. 

Chikm matti — Clay, fire-clay. 

Cldld — Applied to open superficial workings as those for diamonds at Panna* 
Chtili— Bloom or ball of iron (Bandelkhand). 

Ch<Ci>nd — Lime. 

ChUnri — Garnet. 

Ddr Chiknd — Corrosive sublimate. 

Dheto— Iron ore in form of sand. 

Vhdt or Dhdnt — Metal. 

Blmdid pathar — Opal. 

Duiin or Drun — Wooden cradle used by gold-washers. 

Fan — A whetstone. 

Fastiki — A kind of emerald. 

Firoza — Turquoise. 

Oach — Gypsum. Mortar. 

Oandhak ka tezAh — Sulphuric acid. 

Qdrd — Mud. 

Oer ^ — Bed ochre. 

Ghaird — Deep mines. 

Qhori — White oamelian ; a kind of porcelain. 

Qiri. Bloom or ball of iron. 

Qodcmt — Gypsum. Alabaster ; also yellow orpiment. 

Gomed sannihh — Chalcedony or opal. 

Gser — (Thibetan) gold. 

Mlrwidak — Hyacinth (i.e.. Zircon) or an imitation of it . 

Hartal — Orpiment. 

Mird — Diamond. 

Hird^ Copperas. 

Ingdni — Oxide of manganese. 

T»<ndt — Steel. 



AITPTOMXK 

JatMdn^An aUcalind earth or soil. 

Josi—Zimc, pewter. 

Pumice stone. Vitrified bricks. 

Jor — Belows of an iron furnace. 

Kdhir^lron sulphate, 

„ Ul — Bichromate of potash. 

„ Sulphate of iron earth. 

„ Impure green vitriol. 

„ 8a/e<J-~ White anhydrous iron sulphate. 

„ sii/d—Black iron sulphate. 

„ zard — Yellow variety of Kahi safed. 
Kah-ruha—Amhev. Lit., grass attractor. 
jfiTaferil— Gravelly matrix of diamond at Panna. 
iCuldi— Whitening ; also slaked lime. 

Kalar—Saline efflorescence — Reh. 

Kcm or Khan— A mine. 

Kankar — A pebble : Nodular limestone. 

Ahnch— Glass. 

Iron-furnace tongs. 

Karsi—A variety of gypsum from Spiti. 

JLds^«— Copperas or iron sulphate. 

Katouii—Gold washing trough used in Moradabad. 
Kaya—AWoy of zinc, tin, and copper. 

Khddar — Low or alluvial land near banks of rivers. 
Khdk—DuBi. 

Khar — Alkali, potash, or soda. 

Khari matti — Chalk or white clay. Pipe clay. 
Khali— Lit., Cutters, quarrymen. 

Kheri—A kind of iron or steel. 

Khii— Slag from iron furnace, Bundelkhand. 
Kirasi—A kind of emerald. 

Koela — Coal, properly charcoal. 

Kulhdri — Axe. 
iYurund—Corundum . 

Ai/ari-T-Shallow pan for evaporating salt. 


Ldiri—An inferior ruby or garnet. 
Lajwdrd — Lapis lazuli. 

I/di— Ruby. 

Lasniydn— Cat's eye. 

Lo ltd— Iron. 

Lohdr— Blacksmith. 

Lohd cltdr— Iron filings. 

Lou— Salt. 

Lohakhar— Cyanide of potassium. 
Lwn— Salt. 


ilfdkoi— Granular gypsum. 
Mduik—ldinby, 

Mankd—Cnt agates and beads, &o. 
Matti kd iei— Earth-oil, petroleum. 
Mikndtis— Magnet or loadstone. 
Missi safed— Oxide of zinc. 
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Missi siyd — Oxide of manganese. 

Mitti led Petroleum, 

Mitti subz khanddni — Fuller’s earth. 

Momiyai — Lit., Mummy-liko, asphalt, bitumen is used as a drug J 
Multdni matti — Fuller’s earth. 

Moral — [rou-refining furnace. 

Nar— Iron furnace. 

Nila thothd — Blue vitriol. 

Nilam 'Sappliire. 

Nil wilayiti — Blue forrocyanide of iron. 

Nimak — Salt. 

Pahdr — Hill, sometimes used technically by minors, as ‘ country ’ is by European miners, 
meaning useless matrix, &c. 

Paim d — Em erald. 

Pdrd — Mercury. 

Patthar — Eock, stone. 

Patihar-i-artish — Fireworks. 

Pajiri — Any thin shell like substance, is applied to thin cncnistations of salt on tniirgiiis of 
lakes. 

Phitkiri— Alum. 

Phul GhifaU'—Bismuth ? 

Pill mitti — Yellow ochre. 

Pital — Brass. 

Pukhrdj — Topaz . 

P'dng (in Assam) — A spring of oil or salt, &(!. 

Rdg — A flaw in a jewel. 

Haihani-^A kind of emerald. 

Eal— Pitch, rosin. 

Solder. 

Rang a— Tin used for lining copper vessels. 

Ratan — A jewel, a precious stone. 

Reg-til'a — Auriferous sand. 

Reh — Saline efflorescence in the soil. 

Ee^—Snnd. 

Roin — Bell-metal . 

Rol — Alum shale. 

Silver. 

Rdpamakhi — Iron pyrites. 

Sahzd — Emerald. 

Safedd — Load carbonate. 

Safed-sond — Platinum . 

Shall — Slate or schist, a mountain. 

Cobaltite, the so-called Syeporite. 

Saggi — Sodium carbonate. 

Sdldjit — Alum. Lit-, sila, a stone and jit essence ; somfitimes applied to lignite oi’ bitumoTi. 
Sandhdh— Rock salt. 

Samdhur — Bed lead. 

So/ng-i-akik — Camelian. 

„ assh-ar— -Silica, 

„ Hsiya — Millstone grit. 

I The original drug is said to have been prepared from Egyptian mummies, and •^uh'sequenfly to bare 
been prepared by boiling down and extracting the essence of Abyssian buys. Since this last source of 
supply has become scarce, natural bituminous exudations have been substituted. 



APPENDIX P. 


639 


Sang-i-hasri^Zino. 

,, Chahmak — Hagrnotic iron. 

,, irmaU—A fossil. 

„ jaraMt — A fossil. 

,, jehanam—hit.t hell-stone, Innar caustic. 

,, lana7i— Flexible sandstone. • 

„ »n.arma r-— Marble. 

,, melitah — Garnet. 

,, musa — Jet, a black stone. 

,, palaun — French ehalk. 

,, pathanni — Bloodstone. 

,, sahz — Silicate of iron H 
,, shadnaj — Nummulite. 

,, siiara — Aventnrine quartz. 

,, Saiaimam— Onyx, &c. 

Sanhjd — Arsenic. 

Sanrsi— lion tonj?s . 

See Saiia> 

8hahdb — Meteor. 

Shangarf—Omnnibar, vermilion. 

Bhankanrdi — Fire-clay. 

Shord Saltpetre (refined). 

Si7>— Stone for grinding paints, &o., sharpening knives, &c. 

Silkari — French chalk or steatite. 

Sinid — Mercury. 

Sisa — Lead. 

8ohdgd — Borax. 

Bond — Gold. 

Bonmdkk I— Copper pyiites or chalcopyrite. 

Burh — Load. 

Surkhi — Pounded brick. 

6Vrm.4— Stibnite or antimony sulphide, incorrectly applied to galena . 
,, Isfaharii — Micaceous iron. 

,, safed — Iceland spar. 

Burr — Brine well, llajputana. 

Tahasliir — A silicious secretion in bamboo. 

Td-nird — Copper. 

Tanird'- Garnet. 

Ttmsdia — Smoky quartz. 

Tol gandhak — Petroleum. 

Tezdb gundhak — Sulphuric acid. 

,, uimak — Hydrochloric acid. 

,, 8 /lord— Nitric acid. 

,, », wa Aa/n— Nitromuriatic acid or aqua regia. 

,, sirke kd — Acetic acid. 

Cradle for gold-washing on Indus. 

YdkuiSpine\, garnet. 

YdkM rurndni—A first-class ruby. 

Yamni — Agate or pebble. 

ras/wa— Different green stones, jade, prase, &c. 

Zahr muhra — Lit., poison-killer, serpentine. 

Verdigris, rust. 
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ValucB of certain Weighted Measures and Coins mentioned in this Volume, 

Chatdnk (Cliitfcack)— 1 oz. 17^ dwt. troy. 

Vcmam — A coin, sometimes gold, formerly used in Southern India ; value two pence accord- 
ing to Heyne, but it varied. 

Oos» — An old measure of distance in Madras; it was equal to eight miles. 

Sdih — Cubit. A somewhat variable unit of measurement, being equal to the distance from 
the elbow to the tips of the fingers, to which is sometimes added the breadth of the 
palm, — say in all from 18 to 20 inches, sometimes even 22 inches. 

Kandy — A Southern India unit of weight = 600 lbs., but varies locally. 

Kos — A measure of distance equal to two miles, but varies between 11 and 3. 

Maund (man) — The Goveniment maund= 40 seers, or 82| pounds; there are therefore about 
27 i maunds in a ton. Tlie values of local maunds vary from 16 seers upwards. 

Pagoda — A gold coin worth 8». 9<i., but varies locally. 

Supposed to be equal to the weight of the seed of us precat orious. The 

true value has varied much from time to time. According to Tavernier in 1665 
and Captain Hamilton in 1727, it weighed 3^ grains (see page 21). Mr. Thomas 
says the old Hindu rati = l'75 grains, and in Akbar’s time 1'9375 grains. At 
present it«l’88 Troy. 

Tikal — A Burmese coin = Re. 1-4 annas, say 28. 6d. 

Tola — 7 dwt. 12 grains Troy. 

Vits^A Burmese unit of weight « 8*6616 lbs. 

The following table gives the equivalents both in troy and avoirdupois of the 

standard weights in British India : — 


1 Dhan or grain 


= 

u grain troy 

s= 

tIs 

dr. 

avoir. 

4 Dhans 

«« 1 Rati 

BS 

U „ „ 

,t= 



»» 

8 Ratis 

s= 1 Masha 

= 

15 » » 




ft 

12 Mashas 

= 1 Tola 


7 dwt. 12 „ 

3=r 

6m 

>» 

f> 

6 Tolas 

= 1 Chittaxjk 


1 oz. 17idwt. „ 

» 

2a% 

oz. 

ft 

16 Chittacks 

« 1 Seer 

=■ 

21 lbs. „ 


2rl 

lbs. 


40 Seers 

«= 1 Maund 


100 ,, „ 


82 f 

ti 

» 


85 Seers are exactly equal to 72 lbs. avoir., and tlie ton contains 27*28 maunds. 
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332, 617 

„ Kulu 

. 334 

„ Punjab . 

. 334 

„ Madras . 

. 332 

„ Salem 

. 333 

„ Spiti ... 

. 334 

Coal (General Remarks) . 

59, 698 

„ Afghanistan 

96 

„ Andaman Islands 

118 

„ Amb . . . . 

100 

„ Arakan . . . . 

. Ill 

„ Assam . . . . 

. 104 

„ Aurunga . . . . 

85 

„ Balochistan 

96 

„ Bandar . . . . 

92 

„ Baronga Islands 

111 

„ Bengal . . . . 

76 

„ Bbaganwula 

. 101 

„ Birbhum 

78 

„ Bisrampur 

88 

„ Bokaro 

83 

„ Bolan Pass 

96 

„ British Burma 

111 

„ Burma (Upper) 

. 117 

„ Cachar . . . . 

. 109 

„ Calcutta . . . . 

77 

„ carried from Indian coal-fields . 693 

„ Chamarlang 

96 

„ Chamil . 

. 100 

„ Chanda . 

92 

„ Cheduba Island 

. 113 

„ Cherra Punji . 

. 109 

„ Chicholi . 

93 

„ Chita Pahar 

101 

„ Chittagong 

110 

„ Chopo 

85 

„ Chushmen 

99 

„ Cutch 

95 

„ Duflia Hills 

104 
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PAGE 

)&1, Daltonganj 

. 87 

Coal, Nila .... 

. 100 

„ Dandofc . 

. 100 

North- west Himalayas . 

. 103 

„ Daranggiri 

. 107 

Nurpur .... 

, 100 

„ Darjiling 

. 103 

Orissa .... 

75 

„ Deiwal . 

. 100 

Paoni .... 

93 

„ Disai 

. 104 

Papiir .... 

93 

„ Exti-a-peninsular . 

93 

Pegu .... 

. 114 

„ Garo Hills 

. 105 

Pencb .... 

92 

„ Ghugus . 

93 

fields, Peninsular . 

66 

„ Godavari District . 

71 

Pid .... 

. 100 

„ Harigaon 

106 

Punjab .... 

98 

„ Ilienlap . 

. 115 

Raigarb and Hongir 

89 

„ Hutar 

86 

Rajmabal 

77 

„ Hyderabad 

72 

Ramgarb 

84 

„ imports . 

572—575, 592 

, Rampur 

89 

„ Irea 

87 

, Ramri Island . 

. 112 

„ Itknri . 

85 

, Raniganj 

81 

„ Jainti 

78 

, Reora .... 

. 101 

„ Jaintia Hills . 

. 109 

, Rewah .... 

88 

„ Jaipur , 

. 104 

, Rongrenggiri . 

. 107 

„ Jariji 

104 

, Sabajori 

. 78 

„ Jheria . 

83 

, Sandoway 

. 113 

„ Jhilmilli 

. - 88 

, Sasti .... 

93 

„ Kalabagh 

100 

, Satpura .... 

90 

„ Kamgaram 

. 97 

, Sbabpur, or Betul . 

92 

„ Kaii-ma-pyeng 

. . 116 

, Siju .... 

. 106 

„ Karanpura 

84 

,, Sikkim .... 

. 103 

„ Karharbari 

78 

Sind .... 

. 95 

„ Kuruli . 

. 100 

„ Singrowli 

88 

„ Khasi Hills . 

. 107 

„ Sirguja .... 

87, 88, 89 

„ Khewra . 

. 101 

,, Sobagpur 

88 

„ Korba and Udepur . 

89 

„ Sone valley . 

87 

„ Kotki 

99 

„ Sowa Kban . 

100 

„ Kundit Kuriah 

78 

„ Sunglewa 

100 

„ Kutta . 

100 

„ Sylbet .... 

. 109 

„ La-ka-dong . 

109 

„ Talcbir .... 

76 

„ Lakbanpur 

89 

„ Tatapani 

87 

„ Lenya river . 

116 

„ Tenasserim 

114 

„ Mach or Much 

96 

„ „ (Little) river . 

116 

„ Madras . 

67 

„ Tbaiet Mio 

114 

„ Mabanadi valley 

89 

„ Tbingadbaw . 

. 117 

„ Makum . 

. 104 

„ Thoo-bte Kbyoung 

. 116 

„ Mao-beb-lyrkar 

. 108 

„ Tsetama . . , 

. 113 

„ Mopani . 

91 

„ Tsing Koon . 

. 116 

„ Home . 

. 87 

„ Umblay . . . . 

. 107 

„ Mullakbeyl . 

99 

„ Udepur and Korba 

89 

„ Nazira . 

. 104 

„ Wardba. 

92 

„ Nicobar Islands 

111 

„ Warora ... 

93 
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PAGB 

Coal, Wun 


93 

„ (pseudo) Bellary 


69 

,, „ Kadapah . 


69 

„ „ Kistiia . 


. 69 

„ „ Malabar . 


68 

,, „ Midnapur. 


. ^6 

„ „ Mysore . 


68 

„ „ l^ellore 


69 

Cobalt (General Keinarks) 


324, 616 

„ Burma . 


. 325 

„ Jaipur . 


. 324 

„ Nepal . 


. 325 

„ Tenasserim . 


. 325 

„ Bajputana . 


. 324 

(Collieries in India, list of 


. 594 

Copper (General Kemarks) 


239, 611 

„ Afghanistan 


. 264 

„ Ajmir. 


. 263 

„ Alwar. 


. 259 

„ Arakan 


. 278 

„ BelocListau . 


. 264 

„ Bellary 


. 241 

,, Bengal 


. 244 

„ Bbagalpui . 


. 244 

„ Bhartpur . 


. 260 

Bhutan 


. 276 

„ Bikanir 


, 264 

„ Birbhum 


. 244 

„ Bombay 


. 264 

„ Biindelkhand 


. 258 

„ Bundi . 


. 264 

„ Burma 


. 278 

„ „ (Upper) . 


. 280 

„ Central Provinces 


. 256 

„ Chanda 


. 257 

„ Chutia Nagpur . 


. 246 

„ Darjiling . 


274 

„ Deoghar 


. 244 

„ Dharwar 


. 264 

„ Duars (Western) . 


. 276 

„ Garhwal 


. 267 

„ Hazaribagh . 


. 254 

„ Hyderabad . 


. 244 

„ imports 


584-587 

„ Jabalpur 


. 257 

„ Jaipur 


. 260 

„ Kadapah 


, 240 


Copper, Karnul 

pAge 
, 240 

„ Kulu .... 

. 267 

„ Kumaun . 

. 267 

Las . 

. 264 

„ Lohardaga . 

. 256 

„ Madras 

. 240 

„ Manbhum . 

. 246 

„ Narsingbpur 

. 257 

„ Nellore 

. 241 

„ Nepal .... 

. 272 

„ North-West Provinces . 

. 267 

„ Punjab 

. 266 

„ Baipur 

. 256 

„ Bajputana . 

. 259 

„ Bewah 

. 258 

„ Sikkim 

. 276 

„ Simla .... 

" . 266 

„ Singhbhum . 

. 246 

„ Sirmur 

. 266 

„ Tenasserim . 

. 278 

„ Udepur 

. 263 

Copperas, see Iron sulphate. 

Corundum (General Bemarks) 

421, 622 

„ Ajmir . 

. 426 

„ Arcot . 

. 423 

„ Bellary . 

. 423 

„ Bengal . 

424 

„ Burma . 

. 426 

„ Central Provinces . 

. 424 

„ Coimbatore . 

. 422 

„ Godavari 

. 424 

„ Hyderabad , 

. 424 

„ Khasi . 

. 426 

„ Kistna . 

. 424 

„ Madras 

. 422 

„ Monghyr 

. 424 

„ Mysore 

. 422 

„ Bewah . 

. 424 

„ Salem . 

. 422 

„ Singrowli 

. 422 


Diamond (General Bemarks) . 

1, 696 

„ Bellary . 

11 

,, Bengal . 

24 

,, Bundelkhand . 

39 
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PAGE 


PAGE 

Diamond, Central Provinces . 

30 

Pallets earth, Punjab . 


671 

„ Chanda . 

37 

„ Rajputana 


570 

„ Chutia Nagpur 

24 

„ Salt-range 

. 

671 

„ Godavari . 

16 

„ Sind 


571 

„ Golconda. 

16 




„ Kadapah . 

9 

G. 



„ Karnul . 

13 




„ Kistna . 

16 

Garnet (General Remarks) 

621, 

631 

„ Lohardaga 

24 

„ Bengal 

. 

623 

„ Madras . 

9 

„ Burma 


524 

„ mining by Europeans 

48 

„ Central Provinces 


523 

„ Parma . 

39 

„ Chutia Nagpur . 


523 

„ Sambalpur 

30 

„ Godavari . 


622 

„ seeking myth . 

49 

„ Hazaribagh 


623 

„ the Koh-i-nur . 

. 1, 19 

„ Hyderabad 


622 

Dichroite, see lolite 

. 624 

„ Jaipur 


523 



„ Kishongarh 


623 

E. 


,, Madras 


622 

Emerald, see Beryl. 


„ Nellore 

- 

622 

Epsomito (General Remarks) 

437, 623 

„ Orissa 


522 

„ Punjab . 

. 437 

„ Rajputana 


623 

„ Spiti 

. 437 

„ IJ depur 


624 



„ Vizagapatam 


620 

F. 


Glass manufacture, materials for 


Fire-clays (General Remarks) 

667, 636 

(General Remarks) 


515 

„ Burma 

. 669 

Glauber salt, see Sodium sulphate. 


„ Maulmain . 

. 669 

Gneiss, as a building stone 

. 

634 

„ Raiiiganj 

. 668 

Gold (General Remarks) 

173, 608 

Flint (General liemarks) 

614, 630 

„ Afghanistan . 


208 

„ Afghanistan . 

. 516 

„ Ajmir-Mhairwara . 


204 

„ Bombay 

. 614 

„ Amballa 


212 

„ Dharwar 

. 614 

„ Assam .... 


218 

„ Madras 

. 514 

„ Balaghat 

• 

202 

„ Trichonopoli . 

. 614 

„ Bankura 


189 

Fluor Spar (General Remarks) 

449, 625 

„ Bannu .... 

• 

210 

„ Central Provinces 

. 449 

„ Bastar . 

0 

204 

„ Punjab 

. 449 

„ Belgaum 


207 

„ Raipur 

. 449 

„ Bellary . . . • 


187 

„ Rewah 

, 449 

„ Bengal .... 


189 

„ Spiti 

. 449 

„ Bhandara 


201 

Fuller’s earth (General Re- 

„ Bilaspur 


201 

marks) 

670, 635 

„ Bombay 


204 

„ Ajmir 

. 570 

„ Bonai .... 


195 

„ Bengal . 

. 570 

„ Burma (British) . 


228 

„ Bhagalpur 

. 570 

„ Burma (Upper) 


230 

„ Bikanir' . 

. 670 

„ Central Provinces . 


199 

„ Bombay . 

. 571 

„ Champaran . 


217 

Dera Ghazi Khan 

571 

Chanda .... 


202 



mmx -. subjects: 






PAOB 

G 0 I 4 , Chatiflgarh . 

» » . 

m 

Gold, Thibet 


CHutia Nagpr 


190 





208 

„ 


Darjiling 


217 

Udepur^Chutia Nagpur) 

. 199 

Dliara 


204 

Upper Godavari * 

. 20 s 

Darrang 


222 

„ Wardha . . . 

. 203 

Gangpur 


195 

„ Wynaad . » . 

180 

Garhwal 


216 

Granite, as a building stone 

. 584 

Gurgaon 


204 

Graphite (General Remarks) . 

60, 697 

Hazaribagh . 


190 

„ Afghanistan , 

. 54 

Hyderabad . 


187 

„ Bengal . 

. 63 

Jabalpur 


203 

„ Burma . 

. 56 

Jashpur 


196 

„ Central Provinces . 

53 

Jbelum 


211 

„ Darjiling 

66 

imports 

, 580—583 

„ Gurgaon 

54 

Kaladgi 


207 

„ Kistna and Godavari 

63 

Kaugra 


211 

„ Kumaun 

64 

Kashmir 


212 

„ Lohardaga 

53 

Kattywar 


208 

„ Madras . 

51 

Khasi Hills . 


227 

„ North-West Provinces 

64 

Kolar . 


185 

„ Sambalpur 

53 

Lakbimpur . 


224 

„ Tinnevelly 

. 53 

Lohardaga , 


195 

Travancore 

51 

Madras 


177 

,, Vizagapatara . 

. 53 

Madura 


179 

Grindstones (General Re- 

Malabar 


J80 

marks) . 

661, 634 

Manbhum . 


190 

„ imports . 

580—588 

Manipur 


227 

Gypsum (General Remarks) . 

450, 625 

Midnapur 


189 

Afghanistan . 

, 462 

Moradabad . 


217 

Arakau . 

. 454 

Mysore . 


185 

Balochistau 

. 452 

Kagpur . 


C%i 

Bannu 

. 462 

Kepal . 


217 

Bombay . 

451 

North-West Provinces . 

216 

Burma . 

. 454 

Orissa . 


188 

Chingleput 

. 461 

Peshawar 


210 

Cutch 

. 451 




Debra 

, 453 

Raipur . 



Garhwal . 

454 

Rajputaua 



Kohat 

. 462 

. Rawalpindi 



Kumaun , 

. 454 




Madras . 

. 450 

Salem . 


179 

Neliore . 

. 451 

Sambalpur . 


200 

North-West Provinces 

. 453 

Seoni . 


203 

Punjab . 

. 462 

Sibsagar 


223 

Sait range 

. 452 

Sikkim . 



Sind 

. 451 

Singhbhum . 


192 1 

„ Spiti 

463 

Teuasserim . 


228 

„ Trichinopoli 
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■ . . H. .. 

Hynomth, see Zinon. 

' ■ L „ 


Imports . . . . 

. 672-^92 

lolite (General Remarks) 

. 624 

Iron (General Remarks) . 

, 835, 617 

#» 

Afghanistan 

. 402 

»> 

Ajmir . 

. 396 

„ 

Alwar . 

. 396 

i* 

Arcot . 

. 360 

„ 

Assam . 

. 412 


Balaghat 

. 383 


Banda . 

. 393 

„ 

Bannu . 

. 404 


Bepur . 

. 351 


Bellary . 

357 

„ 

Bhandara 

. 383 

j j 

Bijawar 

, 394 


Bilaspur 

383 


Birbliura 

, 362 


Bombay 

. 398 


Bundelkhand 

. 393 

?> 

Burma . 

. 414 

>> 

Burma (Upper) 

. 416 

,, 

Central India 

. 394 

jj 

Central Provinces . 

. 381 

>» 

Chanda. 

. 387 


Chitaldrug 

366 

?> 

Cbingleput . 

. 35<5 

jj 

Coimbatore . 

, 348 ' 


Cutch . 

. 401 


Godavari 

358 

„ 

Gurgaon 

. 406 

>» 

Gw lior 

. 394 

jj 

Hazaribagh . 

. 375 

„ 

Hyderabad . 

. 358 

„ 

imports 

. 588—591 

jj 

Jabalpur 

. 384 

, 

Jaintia . 

. 412 


Jaipur . 

. 396 


Jhilum . 

. 404 


Kadapah 

. 366 


Kadur . 

. 356 


Kaira . 

. 399 


Kaugra . 

404 


Karnul . 

. 366 


Kattywar 

. 400 


647 


pw* 


Iron, Kholapiw . . » » 



Ktunatm . * > *; 

406 

ft 

Kh^, , 


»* 

Kistna ^ ^ " v - 



Kuln , ' \ ^ 

406 

n 

Lalatpnr . . . v ' 


n 

Loharda^ . . . ^ 

376 


Madras . . . 

346 

it 

Madura . . • • 

347 

99 

Malabar . . . • 

360 

99 

Malwa 

397 

i* 

Manbhum . . • • 

373 

99 

Mandi 

405 

ti 

Mandla 

383 

a 

Mergui 

416 

it 

Mirzapur . . . • 

393 

it 

Monghyr .... 

367 

it 

Mysore . . 352, 366 


Narsinghpur . 

386 

it 

Nellore .... 

368 

if 

Nilgiri 

362 

a 

Nimar 

897 

ti 

North-West Provinces . 

406 

tf 

Palamow .... 

376 

tt 

Panch Mahal 

399 

if 

Pegu 

414 

„ 

Peshawar .... 

404 

ff 

Porto Novo .... 

349 

tt 

Punjab 

404 

ff 

Raipur . . , . • 

383 

-t 

Rajputana .... 

396 

ft 

Raniganj .... 

368 

,f 

Ratnagiri .... 

398 

ft 

Rewah 

393 

It 

Rewa Kantha 

399 

tt 

Salem 

348 

tf 

Salt-range .... 

404 

tt 

Samhalpur .... 

381 

,» 

Satara 

393 

if 

Sawantwari .... 

399 

if 

Shimoga . . . 

356 

It 

Sirmur 

405 

if 

Surat 

399 

If 

Tenasscrim . . ' . 

415 

It 

Travancore . . . . 

346 

* If 

Tributary States (Chutia 



Nagpur) . . . . 

381 

xt 

Trichinopoli . , . .. 

347 



648 
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li'on, Tttzukur 

PAGE 

. 856 

» Udepur .... 

. 396 

♦, Viza^patam 

. 360 

Iron Oobro {Oeneral Bemarks) 

416, 621 

»» Balaghat « 

. 417 

,♦ Bengal . , 

. 417 

Bombay 

. 418 

„ Burma 

. 418 

„ Central Provinces 

. 417 

„ Chanda 

. 418 

„ Jabalpur 

. 417 

„ Madras 

417 

„ Raipur 

. 417 

„ Sikkim 

. 418 

Iron phosphate (General R 

e - 

marks) 

420, 622 

Iron pyrites (General Remarks) 

. 418 

Iron sulphate (General Remarks) 

419, 622 

„ Behar 

. 419 

J. 

Jade (General Remarks) . 

516, 631 

„ Bengal .... 

. 517 

„ Burma (Upper) 

. 618 

„ Mirzapur 

. 617 

„ Turkestan 

. 517 

Jadeite (General Remarks) 

. 616 

Jasper 

. 503 

K, 

Kankar (General Remarks) 

471, 627 

Kaolin, see pottery clays. 

Kieserite, Salt-range 

. 437 

Kyanite (General Remarks) 

. 630 

L. 

Lapis Lazuli (General Remarks) 

628, 632 

,) Badakshan 

. 629 

Late rite, as a building stone . 

. 649 

Lead (General Remarks) . 

281, 614 

„ Afghanistan . 

301, 302 

„ Ajmir . 

. 299 

„ Alwar .... 

. 301 

„ Assam .... 

. 309 

„ Balochistan . 

301, 302 

„ Bellary 

. 286 

„ Bengal .... 

. 286 

„ Bhagalpur . . 

286, 288 

„ Bombay 

. 301 

„ Bundelkhand 

. 298 


Lead, Burma . , 

PAGE 

. 809 


Burma (Upper) . 

. 810 

>» 

Central Provinces . 

. 295 


Cbutia iJagpur . 

. 290 

» 

Darjilihg , . 

. 808 

w 

Garbwal * . 

* 808 

fH 

Hazaribagh . 

. 291 

M 

Hofebungabad 

. 297 

♦ » 

Jabalpur 

. 297 

n 

Jaunsar 

. 306 

f9 

Kadapah 

. 281 

*9 

Karnul . 

. 284 

99 

Kulu . 

. 307 

99 

Kumaun 

. 308 


Lohardaga . 

. 294 

99 

Madras 

. 281 

>9 

Mari 

. 304 

99 

Maingay’s Island . 

. 310 

„ 

Manbhum 

. 290 

99 

Monghyr 

. 290 

„ 

Nagpur 

. 298 

99 

Nepal . 

. 308 


North-West Provinces 

. 308 

99 

Palnad . 

. 285 

99 

Panch Mahals 

. 301 

99 

Punjab . 

. 303 

99 

Raipur . 

. 296 

„ 

Rajputana 

. 299 

99 

Rewah . 

. 298 

99 

Sambalpur 

.. 295 

„ 

Sban States . 

. 310 

99 

Simla • 

. 304 

99 

Sirguja 

. 294 

„ 

Sirmur . 

. 306 

»». 

Sonthal Parganas . 

. 286 

„ 

Tenasserim . 

. 309 

99 

Udepur . 

. 301 

Lime imports .... 

576—679 

Limestone (General Remarks) 

465, 626 


Afghanistan 

. 466 

99 

Ajmir 

. 464 

„ 

Alwar 

. 463 

99 

Andamans 

. 470 

99 

Arakan 

. 469 

99 

Assam 

. 469 

99 

Bengal 

. 468 

99 

Baluchistan . 

. 466 

99 

Bombay 

. 466 
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PAOE 



PAOB 

Limestone, 

Burma 


469 

Lithographic stone, Kamul , 

. 6S7 

ff 

Burma (Upper) . 


470 

>9 

„ Madras . 

. 667 


Central India 


463 

. ^ ft 

„ Pnt](jab . 

. 669 

>» 

Central Provinces 


460 

ft 

„ Jaipur ^ 

V.86»^ 

*» 

Coimbatore 


467 

ft 

B^putana 

■' ;'66S0 

ft 

Cutch , 


466 

ft ■ 

' Eewah'' 


ft 

Darjiling . .. 


467 




ft 

Dharwax . 


466 




ft 

Garhwal 


467 

Magnesite (General Remarks) . 

43S, #3 

ft 

Guntur 


467 

>» 

Madras 

. 438 

„ 

Guzerat 


465 

ft 

Salem . . . 

. 438 

>» 

Gwalior 


463 

Manganese (General Remarks)! 

326, 016 

ft 

Hazaribagh 


459 

ft 

Alwar . 

. 331 

»> 

Jabalpur . 


460 

ft 

Amraoti 

. 331 


Jaipur 


463 

ft 

Bengal. 

. 328 

ft 

Jesalmir 


464 

ff 

Berar . 

. 330 

tt 

Jodhpur 


464 

tf 

Bombay 

,. 381 

tt 

Kadapah . 


457 

ft 

Bundi . 

. 381 

ft 

Karnul 


457 

ft 

Burma 

, 831 

ft 

Kumaun 


467 

ft 

Burma (Upper) . 

. 332 

„ 

Lohardaga . 


459 

ft 

Central Provinces 

. 828 

ft 

Madras 


456 

ft 

Dharwar 

. 831 

„ 

Manbhum . 


458 

ft 

Hyderabad , . 

, 328 

ft 

Mirzapur . 


462 

ft 

Jabalpur 

. 328 

ft 

Kagpur 


461 

ft 

Madras 

. 327 

ft 

North-West Provinces 

467 

ft 

Nilgiris 

. 327 

ft 

Pegu . 

. 

470 

ff 

Nagpur 

. 329 

ft 

Punjab 


466 

tf 

Rajputana . 

. 331 

ft 

Raipur 


460 

ff 

Rewah 

. 331 

ft 

Rajputana . 


463 

ft 

Singbbum . 

. 328 

ft 

Sambalpur . 


460 


Tenasserim . 

. 331 

ft 

Sind . 


466 

tt 

Vizagapatam 

. 327 

ft 

Singhbhum 


469 

tt 

Wun . 

. 330 

ft 

Tenasserim 


470 

Marble (General Remarks) 

455, 625 

ft 

Trichinopoli 


456 

Meerschaum (General Remarks) 

. 445 

ft 

Udcpur 


464 

Mercury (General Remarks) . 

170, 607 

„ 

Viudhyan . 


462 

** 

Aden 

. 172 

tt 

Wardha 


461 

tt 

Afghanistan . 

. 170 

Lithographic stone (General 

Re- 


ft 

Andaman Islands . 

. 171 


marks) 

666, 6B3 

tt 

imports . 

688-691 

ft 

„ Behar . 


667 

ft 

Madras , 

. 170 

ft 

„ Bellary . 

, 

667 

Mica (General Remarks) . 

524, 631 

ft 

„ Bengal . 


657 

ft 

Balaghat 

, 528 

ft 

„ Bombay 


669 

ft 

Behar , , . . 

. 627 

ft 

„ Central Prov- 


ft 

Bengal .... 

. 526 


inces 


568 

9 , 

Bombay 

. 628 

fi9 

„ Jesalmir 


568 

ft 

Central Provinces 

. 628 

tt 

Kaladfi'i 

. 

569 

.. 

Gva .... 

. 627 



650 

INDEX; 

SUBJECTS. 
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PAGE 

Mica, Hazaribagh . 

. 525 

Petroleum, Jhilam . 

. 128 

„ Madras . . . ■ 

. 525 

„ Kohat . 

. 1.30 

„ Rewa Kantha . 

. 528 

„ Kumaun 

. 132 

„ Vizagapatam . 

. 625 

„ Panjab . 

126 

Millstone (Oeneral Remarks) . 

659, 634 

„ Pegu . 

. 142 

„ Aebar 

. 560 

„ Prome . 

. 147 

„ Bombay . 

. 660 

„ Ramri 

. 140 

„ Catch 

. 660 

„ Rawalpindi 

. 130 

„ imports . 

580-683 

„ Round Island 

. 142 

„ Kaladgi . 

. 660 

„ Shahpur 

. 127 

Molybdenum (General Remarks) 

161, 606 

„ Singrowli 

. 125 



„ Thayetmyo 

. 147 

If. 


Platinum (General Remarks) . 

167, 607 



„ Assam 

. 168 

Nickel (General Remarks) 

326, 616 

„ Bombay . 

168 



„ Burma (British) 

. 168 

0. 


„ Burma (Upper) 

. 168 

Onyx, see Carnelian 

. 503 

„ Dharwar . 

168 



„ Madras . 

. 167 



„ Mysore . 

167 

P. 


„ Punjab . 

168 

Peat (General Remarks) . 

120, 604 

„ Tenasserim 

. 168 

„ Assam .... 

. 124 

Plpmbago, see Graphite. 


„ Bengal .... 

. 122 

Potatone, see Talc. 


„ Bunna .... 

. 124 

Potassium chloride (General Remarks) 601 

„ Kashmir 

. 123 

Potassium nitrate, see Saltpetre 

. 499 

„ Madras .... 

. 120 

Pottery clays (General Remarks) 

661, 634 

„ Nepal .... 

. 124 

„ Arcot, North 

. 663 

„ Nilgiris .... 

120 

„ Arcot, South 

. 662 

„ North-West Provinces . 

. 123 

„ Assam 

. 667 

„ Oudh .... 

128 

„ Burdwan . 

. 565 

„ Pertabgarh 

123 

„ Bengal 

. 564 

Petroleum (General Remarks) . 

124, 606 

„ Bombay 

. 666 

„ Alwar . 

. 125 

„ Burma 

. 667 

„ Arakan . 

137 

„ Chingleput . 

. 663 

Assam . . . 

. 132 

„ Colgong . 

566 

„ Afghanistan . 

. 126 

„ Darjiling . 

. 666 

„ Balochistan , 

. 126 

„ Delhi . 

. 666 

„ Bannu . 

. 128 

„ Farmkhabad 

. 666 

„ Burma . 

137 

„ Madras 

. 662 

„ Burma (Upper) 

. 148 

„ Mangalore . 

. 563 

„ Cachar . 

. 137 

„ Mysore 

. 663 

„ Oheduba 

141 

„ Orissa 

. 664 

„ Cutch 

126 

„ Rajmahal . 

664 

„ Flat Island . 

. 142 

Punjab 

. 666 

„ Hazara . 

. 132 

„ Sind . 

666 

„ imports . 

680— 683 

„ Trichinopoli 

. 662 

„ Jaipur . 

136 

Precious stones, imports . 

576—679 
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PAGE 

B. 


Keh (General Remarks) . 

496, 629 

Rock Crystal (General Remarks) 

502, 630 

„ Bannu 

, 603 

Burma 

, 603 

,» Central Provinces 

. 603 

„ Godavari 

. 602 

„ Gurgaon 

. 503 

„ Hyderabad . 

. 603 

„ Madras 

. 602 

„ Mari . 

. 603 

„ Punjab 

. 603 

„ Sambalpur . 

. 603 

„ Tanjore 

. 602 

Ruby (General Remarks) 

427, 622 

„ Burma (Upper) 

. 427 

„ Mysore .... 

. 427 

„ Salem .... 

427 

S. 


Salt (General Remarks) . 

475, 627 

„ Afghanistan 

. 481 

„ Assam .... 

. 491 

„ Bannu .... 

. 483 

„ Bengal .... 

. 477 

„ Berar .... 

. 477 

„ Bombay .... 

. 481 

„ Burma .... 

. 492 

„ Burma (Upper) 

. 492 

„ Chittagong 

. 491 

„ Didwana Lake . 

. 480 

„ Gurgaon .... 

. 490 

„ imports .... 

576-679 

„ Kohat .... 

. 482 

„ North-West Provinces 

. 491 

„ Mandi .... 

. 490 

„ Orissa .... 

. 477 

„ Pegu .... 

. 492 

„ Punjab .... 

. 482 

„ Raj put ana 

478 

„ Salt-range 

. 484 

„ Sambhar Lake . 

. 478 

Saltpetre (General Remarks) . 

. 499 

„ imports 

676— 579 

Sandstone, as a building stone . 

. 540 

Sapphire (General Remarks) . 

429, 622 

Serpentine (General Remarks) . 

446, 624 





PAGE 

Serpentine, Andaman Islands 


448 


Bengal . 


. 447 


Burma . 


. 447 


Kulu 


447 


Ladak . 


. 447 


Madras . 


. 447 


Punjab . 


. 447 

Silica 



602, 630 

Silver (General Remarks) 


231, 611 

it 

Ajmir . 


. 233 

it 

Bengal . 


, 236 

it 

Bombay . 


234—236 


Bundelkhand . 


. 236 

it 

Burma (Upper) 


. 234 

„ 

Central Provinces . 


. 236 

>J 

Dharwar 


. 234 

it 

Imports . 


584, 687 

it 

Madras . 


233, 235 

tt 

Nepal . 


. 237 


North-West Provinces 


. 237 

it 

Punjab . 


. 236 

Jt 

Rajputana 


233, 236 

ft 

Rewah . 


. 236 

Slate 

(General Remarks) . 


661, 633 

tt 

Afghanistan . 


. 653 

it 

Alwar 


. 553 

it 

Bengal , 


662 

a 

Berar 


. 653 

,» 

Bombay . 


653 

it 

Central Provinces 


. 653 

ti 

Chanda . • 


. 663 

tt 

Chindwara 


. 653 


Chutia Nagpur 


. 653 

tt 

Darjiling 


. 666 

it 

Gurdaspur 


. 664 

,, 

Gurgaon 


. 664 


Kamul . 


. 551 

it 

Kadapah 


. 651 

tt 

Kharakpur 


. 562 

if 

Kumaun . 


. 554 


Madras . 


. 661 

» 

Manbhum 


. 653 

ii 

Mongbyr 


. 662 

tt 

Mysore . 


. 661 

„ 

Punjab . 


. 664 

„ 

Rajputana 


. 663 

>» 

Simla 


. 654 

tt 

Singhbbum 

. 

. 563 



em 
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Soapstone, see Talc. 


Talc, Chutia Nagpur 

. 

442 

Sodium carbonate (Genl. Rem .) 

492, 629 

„ Dharwar 



„ Berar . 

. 493 

„ Gya .... 


441 

„ Buldana 

. 493 

„ Hyderabad 


441 

„ Central India 

. 495 

„ Manbhum 


442 

„ Madras 

. 493 

„ Midnapur 


441 

„ Malwa 

. 495 

„ Mysore .... 


440 

„ Mysore 

. 493 

„ North-West Provinces . 


445 

„ North-West Prov. 496 

„ Orissa .... 


441 

„ Oudh . 

. 495 

„ Raipur (Rajputana) . 


443 

„ Salem . 

. 493 

„ Rajputana 


443 

Sodium chloride, see Salt. 


„ Ratnagiri 


444 

Sodium sulphate (Genl. Rem.) 

495, 629 

„ Salem (\Iadras) 


440 

Soils (General Remarks) . 

. 671 

„ Singhbhum 


442 

Spinel (General Remarks) 

429, 623 

„ Wun .... 


443 

„ Afghanistan . 

. 429 

Tin (General Remarks) . 

313, 615 

„ Badakshan 

. 430 

„ Amherst .... 


317 

„ Burma (Upper) 

. 430 

„ Burma .... 


316 

Steatite, see Talc 

. 439 

„ Bustar (Central Provinces) 


315 

Sulphur (General Remarks) 

155, 606 

„ Dharwar (Bombay) . , 


315 

„ Afghanistan 

. 167 

„ Guzerat .... 


315 

„ Balochistan 

. 157 

„ Hazaribagb (Bengal) 


314 

„ Bannu 

. 168 

„ imports .... 

688, 691 

„ Barren Island 

, 161 

„ Mergui .... 

. 

318 

„ Bombay 

. 156 

Titanium (General Remarks) . 

323, 616 

„ Godavari District 

. 156 

„ A) war (Rajputana) . 

. 

324 

„ imports 

572—576 

„ Manbhum (Bengal) . 


823 

„ Jaunsar 

. 160 

Topaz (General Remarks) 


530 

„ Kashmir 

, 159 

Trap, as a building stone 


538 

„ Kohat 

. 157 

Turquoise (General Remarks) . 


436 

„ Kiimaun 

. 159 

„ Ajmir 


435 

„ Madras 

. 156 




„ Nepal 

. 160 

TT 



„ North-West Provinces 

. 159 

V • 



„ Punjab 

. 167 

Vivianite, see iron phosphate. 



„ Simla 

. 159 

Vocabulary of native terms 


636 

„ Upper Burma 

. 160 




T. 


Z. 




Talc (General Remarks) . 

. 439, 624 

„ Afghanistan . 

. . 444 

,* Behar 

. 441 

„ Bengal . 

. 441 

„ Berar 

. 443 

„ Bhutan . 

. . 445 

„ Bombay , 

. 444 

„ Burma . 

. 446 

„ Central Provinces . 

. 443 


Zinc (General Eemarks) . . 312, 615 

„ Afghanistan .... 313 

„ Burma 313 

„ imports .... 588 — 691 

„ Lahul (Punjab) , . . 313 

„ Sirmur 313 

„ Udepur (Rajputana) . . 812 

Zircon (General Remarks) . . 524 



BbEX ! PtAcfia 
PART n.-PLACBS. 


[ In this section some vowel accents are eriven to indicate the pronanolation where Ukelj to he mlsialten } 
tranaliteration is not attempted.] 


A. 


Aden, mercury 
Afghanistan, alum . 


>9 

antimony 

asbestos 

55 

coal 

5) 

copper 
flint . 

>5 

gold . 
graphite 

9) 

gypsum 
iron . 
lead . 
limestone 

9' 

>9 

mercury 

petroleum 

salt 


slate . 

>9 

J9 

spinel 

sulphur 

talc 

99 

zinc 

Ajrnir, antimony 


„ barite 
„ beryl 
„ copper 
„ corundum 
„ fuller’s earth 
„ iron 
„ lead 
„ limestone 
„ gold . 

„ silver . 

„ turquoise 
Alwar, copper . 

„ iron 
„ lead 
„ limestone 
„ manganese 
„ petroleum 
„ slate - 

„ titanium 
Ambala, gold . 


PA6E 



Ambila, ooal . 

. 172 

Amherst, tin . 

. 434 

Amraoti manganese 

164 

Andaman Islands, ooal . 

. 519 

„ „ limestone 

96 

„ „ mercury 

. 264 

„ „ serpentine 

. 615 

Arakan, coal . 

. 208 

„ copper 

54 

„ gypsum . 

. 462 

„ limestone . 

. 402 

„ petroleum . 

101, 302 

Arcot, corundum 

. 466 

„ iron 

. 170 

„ pottery clays 

126 

Assam, alum . 

, 481 

„ coal 

, 653 

„ copper . 

. 429 

„ gold . 

. 157 

„ iron 

. 444 

„ lead 

. 313 

„ limestone . . . 

. 164 

„ peat 

. 474 

„ petroleum . 

. 521 

„ platinum 

. 263 

„ pottery clays 

. 426 

„ salt 

. 670 

Aurunga, coal . 

. 396 


. 299 

B. 

. 464 


. 2f)4 

Badakslian, Lapis Lazuli 

. 233 

„ spinel 

. 435 

Balaghat, gold 

. 259 

„ iron 

. 396 

,, ,, ochre . 

. 301 

„ mica 

. 463 

Balochistan, antimony . 

. 331 

„ coal . 

. 125 

„ copper 

. 653 

gypsum 

. 324 

‘ V lead 

212 

I „ limestone . 


PACK 
100 
317 
331 
118 
470 
171 
448 
111 
278 
464 
469 
137 
423 
350 
563 
435 
. 104 

. 276 

. 218 
. 412 

. 309 

. 469 

, 124 

. 132 

. 168 
. 567 

, 491 

85 


629 
. 430 

202 
. 383 

. 417 

. 628 
. 164 

96 

. 264 

. 452 

301, 302 
. 466 



654 
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Balochistan, petroleum . 

. 126 

Bengal, iron . 



362 

„ sulphur 

. 157 

„ „ ochre . 



417 

Banda, iron , 

393 

»» jade 



517 

Bandar, coal . 

92 

„ lead 



286 

Bankura, gold 

189 

„ limestone 



468 

Bannii, alum . 

. 434 

„ lithographic stone 



667 

« gold . 

. 210 

„ manganese 



328 

„ gypsum 

452 

„ mica . 



525 

„ iron . 

, 404 

„ peat . 



122 

„ petroleum . 

. 128 

„ pottery clays 



664 

„ rock crystal 

. 603 

„ salt 



477 

„ salt 

. 483 

„ serpentine . 



447 

„ sulphur 

. 168 

„ silver 


235, 

238 

Bardwan, coal 

81 

„ slate 



652 

„ pottery clays . 

. 665 

„ talc 



441 

Barronga Islands, coal 

111 

„ tin . 



314 

Barren Island, sulphur . 

. 161 

„ titanium 



323 

Bastar, gold . 

. 204 

Bepur, iron 



351 

„ tin . 

. 315 

Berar, manganese . 



330 

Behdr, alum . 

. 431 

)) salt 



477 

„ iron sulphate 

419 

„ slate 



653 

„ lithographic stone 

. 567 

„ sodium carbonate . 



493 

„ mica . 

527 

M talc 



443 

„ millstone 

. 660 

Beypur, see Bepur. 




„ talc 

441 

Bhagalpur, copper . 



244 

Bel gaum, gold 

207 

„ fuller's earth , 



570 

Bellary, coal (pseudo) • 

69 

„ lead 



286 

„ copper 

. 241 

Bhaganwalla, coal . 



101 

corundum . 

. 423 

Bhandara, gold 



201 

„ diamond 

11 

„ iron 



383 

„ gold 

. 187 

Bhartpur, copper 



260 

„ iron 

. 357 

Bhutan, copper 



276 

„ lead 

. 286 

„ talc 



445 

„ lithographic stone 

. 657 

Bijawar, iron 



394 

Bengal, antimony . 

. 164 

Bikanir, copper 



264 

„ apatite 

. 455 

„ fuller’s earth 



670 

„ asbestos • . 

. 619 

Birhhum coal 



77 

„ beryl 

. 621 

„ copper 



244 

„ bismuth 

. 163 

„ iron 



362 

„ camelian, &c. 

. 505 

Bilaspiir, gold 



201 

„ coal , 

76 

„ iron 



383 

„ copper 

. 244 

Bisrampiir, coal 



88 

„ diamond 

24 

Bolan Pass, coal 



96 

„ corundum . 

. 424 

Bokdro, coal . . 



83 

„ fuller*8 earth 

570 

Bombay, carnelian, &c. 



606 

„ garnet 

. 523 

„ eelestite 



474 

„ gold , 

189 

„ copper 



264 

„ graphite 

53 

„ flint 



514 
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PAGE 

Bombay, fuller *s earth 




671 

Burma, petroleum 


. 

137 

„ gold 




204 

»* 

platinum . 



168 

„ gypsum . 




461 


pottery clays 


. 

667 

„ iron 




398 

»» 

rock crystal 



603 

„ „ ochre 




418 

>» 

salt . 



492 

„ lead 




301 

♦♦ 

serpentine 


* 

447 

„ limestone 




465 

♦» 

silver 


287, 238 

„ lithographic stone 



659 


talc . 



445 

„ manganese 




331 

jt 

tin . 



316 

„ mica 




628 


zinc . 



813 

„ millstone 




660 


(Upper) amber . 



67 

„ platinum . 




168 


„ coal 



117 

„ pottery clays 




566 

»» 

„ copper . 



280 

„ salt . 




481 

»» 

gold 



230 

„ silver 



234, 236 

»» 

„ iron 



416 

„ slate 




553 


„ jade 



618 

„ sulphur 




166 

♦» 

„ lead 



310 

„ talc 




444 

»♦ 

„ limestone 



470 

„ tin 




315 


„ manganese 



332 

Bouai, gold 




195 


„ peat 



124 

Borneo, antimony . 




167 


„ petroleum 



148 

Buldana, sodium carbonate 



493 

»> 

„ platinum 



168 

Bundelkhand, copper 




268 


„ ruby 



427 

„ diamond 




39 

ff 

„ salt 



492 

„ iron 




393 

i» 

„ silver 



234 

„ lead 




298 

»♦ 

„ spinel . 



430 

„ silver 




236 


„ sulphur . 



160 

Bundi, copper 




264 






„ manganese . 




331 


c. 




Burma, alum 




435 





„ antimony 




166 

Cachar, coal , 



109 

„ arsenic 




162 

.. 

petroleum . 



137 

„ beryl . 




621 

Calcutta, coal 



77 

„ bismuth 




163 

Central India, iron . 



394 

„ coal 




111 


„ limestone 



463 

„ cobalt . 




325 


„ sodium carbonate 


496 

„ copper . 




278 

Central Provinces, barite 

. 


473 

„ corundum 




426 


„ carnelian, 

&c. 


606 

„ lire-clay 




569 


„ copper 



256 

„ garnet 




524 

tt 

„ corundum 



424 

„ gold . 




228 

u 

„ diamond 



30 

„ graphite 




66 

fp 

„ fluor spar 



449 

„ gypsum 




454 

pp 

„ garnet 



623 

,, iron 




414 

pp 

„ gold . 



199 

,, ,1 ochie • 




418 

Pt 

„ graphite 



53 

„ lead 




309 

pp 

„ iron . 



381 

„ limestone 




469 

Pt 

„ iron ochre 



417 

„ manganese . 




331 


„ lead . 



295 



656 
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Central Provinces, limestone . 


PAGE 

460 

„ „ lithographic stone 

668 

„ „ mangaoese 


328 

If II XUlCfli • • 


628 

„ „ rock crystal 


603 

„ „ silver . 


236 

„ „ slate . 


563 

„ „ talc . 


443 

,, ,, tin . 


315 

Chaita, see Chita. 

Chamarlang, coal 


96 

Chamil, coal 


100 

Champaraii, gold 


217 

Cli4nda, carnelian, &c. 


506 

„ coal 


92 

„ copper 


257 

„ diamond 


37 

„ gold 


202 

„ iron 


387 

„ iron ochre 


418 

„ slate 


663 

Coimbatore, beryl 


520 

„ corundum 


422 

„ iron . 


348 

„ limestone 


457 

Colgong, pottery clays 


666 

Cuddapah, see Kadapah. 

Cutch (Kach), alum 


432 

„ coal .... 


95 

„ gypsum 


451 

„ iron .... 


401 

„ limestone 


466 

„ millstone 


660 

„ petroleum 


126 

Chatisgarh, gold 


200 

Chediiba Island, coal 


113 

„ petroleum 


141 

Cherra-punji, coal 


109 

Cbichdli, coal 


93 

Chindwara, slate 


653 

Chinglcput, gypsum 


451 

„ iron 


356 

„ pottery clays 


663 

Chita Pahar, coal . 


101 

Chitaldnig, iron 


366 

Chittagong, coal 


110 

„ salt 


491 

Chope, coal .... 


85 


Chushmen, coal 


PAVE 

99 

Chutia N^gpiir, asbestos 


6X9 

» carnelian, <fcc. 


606 

» V ‘ copper 


246 

„ „ diamond 


24 

)> j* garnet . 


623 

» gold 


189 

M „ lead 


290 

ff f, slate 


653 

» j» talc 


442 

D. 

Dafla Hills, coal 


104 

Darjiling, coal 


103 

„ copper 


274 

» gold 


217 

„ graphite 


66 

» lead , . , 


308 

„ limestone 


467 

„ pottery clays . 


666 

,, slate ... 


665 

Dalton ganj, coal 


87 

Damob, gold 


203 

Danddt, coal « 


100 

Duran ggiri, coal 


107 

Darrang, gold 


222 

Debra, gypsum 


463 

Delhi, pottery clays 


566 

Deoghar, copper 


244 

Dera Ghazi Khan, antimony . 


166 

,» fuller’s earth 


571 

Dewal, coal .... 


100 

Dharwar, copper 


264 

,, flint 


614 

.. goW 


204 

„ limestone 


465 

„ manganese 


331 

„ platinum 


168 

„ silver 


234 

Dharwar, talc 


444 

„ tin . 


315 

Didwana Lake, salt 


480 

Disai, coal .... 


104 

Duars (Western), copper . 


276 

E. 

Extra-peninsular, coal 

. 

93 



on&BXi'IWSBs, |I7 




FAOi: 


Stenldb&b&d, pottery days 

, 

S66 

libit Islaad, petrolenm . ^ . 

• 

14S 

a. 

Giagpdr, gold 


195 

Garhwils aebestoe . 

. 

619 

„ copper 

• 

267 

„ gold .... 


216 

„ gypsum . 


45^ 

„ lead .... 


808 

f, limestone . 


467 

Giro Hills, coal 


106 

Ghdgds, ooal 


98 

GoddrarisCoal 


71 

„ corundum . 


m 

IS diamond . 


16 

„ garnet . 


622 

„ iron , 


358 

I, rock oi^stal 


602 

„ sulphur . 


166 

Goloonda, diamond 


16 

Gtyrdt, see Qdzerdt. 

Gdntdr, limestone . 


457 

Gurd^pdr, slate 


654 

Guigaon, gold 


204 

„ graphite « 


64 

„ iron .... 


406 

„ rook crystal 


603 

IS salt .... 


490 

IS slate .... 


554 

Gdzer&t, limestone 


465 

„ tin . 


315 

Gwdlior, iron .... 


394 

,1 limestone . 


463 

Qya, mica .... 


627 

„ talc .... 


441 

1 

H. ! 

Harigaon, coal 


,106 

Hazdra, antimony . 


166 

„ gold ... 


210 

„ petroleum 


182 

Ha 2 ^b%hs antimony . 


164 

t, apatite 


455 

»» jf • • 


521 


Has&ribagh 

, copper, 

F 492 
. 264 

w 

garnet 

. . 623 

»» 

gold . 

. . 190 

>1 

iron . 

. , 376 

r* 

lead . 

. . 291 

ft 

limestone . 

. 469 

>9 

mica 

. 626 

99 

tin 

. . 314 

Hienldps ooal 

. U6 

Hengir and Baigarh, coal 

. 89 

Hoshangabdd, lead • 

. . 297 

Hutar, ooal 

. • • 

. . 86 

Hyderabad 

(Haidrabdd), antimony . 164 

*f 

oamelian 

. 606 

99 

ooal . 

. . 72 

ft 

copper 

244 

ti 

corundum . 

424 

ft 

garnet • 

. . 622 

ff 

gold . 

. 187 

19 

iron 

. . 368 

ft 

manganese . 

. 328 

ft 

rock crystal 

, . 503 

ft 

talc . 

. 441 


I. 

Irea, ooal 87 

Itkdri^ coal S6 


J. 

Jabalp^jCamelian, &o. . . , 600 

„ copper .... 267 

gold .... 203 

„ iron .... 3Si 

„ iron ochre . . , 417 

SI lead .... 207 

IS limestone . 400 

IS manganese . 328 

Jainti, coal „ .... 78 

Jaintia HillSi coal .... 109 

,1 iron .... 412 

Jaipdr (Assam)s coal . . . 104 

IS petrolenm . . 136 

Jaipdr (B{^patana)s alum « . 431 

IS cobalt . . 324 

„ copper . . 260 

„ garnet , . 623 


B. I 



658 

IKDEX 

Jftipiif (Rajputana), limestone . 


PAGE 

468 

„ iron . 


396 

Janji, ooal 


104 

Jashpur, gold 


196 

Jatins4r, lead .... 


306 

„ snlpliur 


160 

Jeriah, see Jharia. 

Jesalmir, limestone 


464 

„ lithograpbio stone . 


658 

Jharia, coal .... 


83 

Jhilam, gold .... 


211 

„ iron .... 


404 

„ petroleum . 


128 

Jhilmilli, coal 


88 

Jodhpur, limestone . 


464 

K. 

Kadapah, coal (pseudo) . 

. 

69 

„ copper 


240 

„ diamond . 


9 

„ iron 


356 

„ lead 


281 

„ limestone 


467 

„ slate 


661 

Kadur, iron .... 


366 

Kaira, iron .... 


399 

Kdlabagli, coal 

. 

100 

Kalddgi, gold .... 


207 

„ lithogi'apbic stono 


669 

„ millstone . 


660 

Kamgaram, coal 


97 

K4ngra, antimony . . 


166 

„ gold .... 


211 

„ iron .... 


404 

Kan-ma-pyeng, coal 


116 

K^ranpiira, coal 


84 

Karbarbari, coal 


78 

ICarnul, barite 


473 

„ cerium 


436 

„ copper 


240 

„ diamond 


13 

„ iron , . ... 


366 

„ lead .... 


284 

„ limestone 


467 

„ litbograpbic stone 


657 

„ slate .... 


661 

Karuli, coal .... 


100 

Kashmir, antimony 


165 
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Kashmir, borax 


, 

498 

„ copper 



267 

« gold 



212 

„ peat* 



123 

„ sulphur . 



169 

KattywAr (Kathiawar), borax 



498 

»» gold 



208 

w ♦» iron 



400 

Kharakpur, millstones 



660 

„ slate 



662 

Khasi Hills, coal 



107 

„ „ corundum 



426 

» gold . 



227 

„ „ iron . 



412 

Kbewra, coal , 



101 

Kbolapur, iron 



399 

Kisheiigarh, garnet 



623 

Kistna*, coal (pseudo) 



69 

„ corundum . 



424 

„ diamond 



16 

„ graphite 



, 53 

„ iron , 



358 

KobAt, gypsum 



462 

„ petroleum . 



130 

„ salt 



482 

„ sulphur 



157 

Korba and Udepur, coal . 



89 

Kotki, coal 



99 

Kulu, chromium 



334 

„ copper . 



267 

„ gold . 



211 

„ iron 



406 

„ lead 



3o7 

„ serpentine 



447 

Kumaun, alum 



434 

„ arsenic 



162 

„ copper 



267 

„ graphite . 



64 

„ ppsum . 



464 

„ iron 



406 

„ lead 



308 

„ limestone 



467 

,, petroleum 



132 

„ slate 



554 

„ sulphur . 



169 

Kundit Kuriab, coal 



78 

Kurhurbali, see Karbarbari. 




Kutta, coal 



100 
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Laddk, Berpentine . 



447 

Lahiil, antimony 



166 

H zino 



313 

La-ka-dong, coal 



109 

Lakhanpiir (Cliutia Nagpuv), coal 



Lakhimpdr (A&sam), gold 



224 

Lalatpdr, iron 



394 

Las^ copper . . 



264 

Lenya river, coal 



116 

Lohdrdaga, copper . 



256 

„ diamond 



24 

„ gold ^ . 



195 

„ graphite 



63 

„ iron 



376 

„ lead 



294 

„ limestone 



459 

M. 

Mach, coal 



96 

Madras, antimony , 



164 

„ asbestos 



619 

„ barite 



473 

„ beryl . 



620 

„ cerium 



436 

„ chromium , 



332 

„ coal . 



67 

„ copper 



240 

„ corundum . 



422 

„ diamond . 



9 

„ flint . 



614 

„ garnet 



622 

„ graphite . 



61 

„ gold . 



177 

„ gypsum . 



460 

„ iron . 



346 

„ iron ochre . 



417 

„ lead . 



281 

„ limestone . 



466 

„ lithographic stone* 



657 

„ magnesite . 



438 

„ manganese . 



^7 

„ mercury 



170 

„ mica . 



525 

„ peat . 



120 

„ platinum . 



167 

„ pottery clays 

- 
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Madras, rook crystal 

* 

. 60S 

tt serpentine . 

f 

. 44f 

„ silver . 

^ 233, 285, 238 

„ slate . 


. 651 

„ sodium carbonate 


. 493 

„ sulphur 


. 166 

„ tale . 


. 440 

MAdura, gold . 


. 179 

„ iron . 


. 347 

Mahanadi Valley, coal . 


89 

Maingay’fct Island, lead . 


. 309 

Mdkum, coal • 


. 104 

Malabar, coal (pseudo) 


68 

„ gold : 


. 180 

„ iron , 


360 

Mklwa, carnelian, &c. 


614 

„ iron 


. 397 

„ sodium carbonate 


. 495 

Mdnbhum, copper . 


. 246 

„ gold 


190 

„ iron 


. 373 

„ load • 


290 

„ limestone 


. 458 

„ slate , • 


. 653 

„ talc 


. 442 

„ titanium 


. 320 

Mandi State, bismuth 


. 163 

„ iron . 


. 405 

„ salt 


. 490 

Mandla, iron . 


. 383 

Mangalore, pottery clays . 


. 663 

Manipur, gold . 


. 227 

Mao-heh-lyrkar, coal 


. 108 

Mari, lead , • 


. 804 

„ rock crystal , 


503 

Manlmain, fire-clays 


669 

Mergui, iron . , 


415 

„ limestone . 


470 

„ tin . . 


. 318 

Midnapdr, coal (pseudo) . 


76 

„ gold 


. 189 

„ talc 


. 441 

Mirzapdr, iron 


893 

„ jade 


. 517 

„ limestone 


462 

Monghyr, corundum 


. 424 

„ iron 


. 867 

„ lead 


. 290 



660 

INDEX 

PAGE 

Mongliyr, slate 

. 

652 

Mopini, coal . . . . 

• 

91 

Moradab4d, gold 

. 

217 

Morne, coal . . . . 

, 

87 

Mullakheyl, coal 


99 

Muiree, see Mari. 

Mysore, antimony . 

» 

164 

„ asbestos 

^ . 

619 

„ coal (pseudo) 

, 

68 

„ corundum - 

• 

422 

gold . . . . 


186 

„ iron . . . . 

362, 366 

„ platinum 


167 

„ pottery clays 


663 

„ ruby . . . . 


427 

„ slate . . . . 


661 

„ sodium carbonate 


493 

talc * . « • 


440 

N. 

Nagpur, gold . . . . 


203 

„ limestone . 


461 

„ manganese . , 


329 

Narsinghpur, copper 


257 

„ iron . 


386 

NAzira (Assam), coal 


104 

Nellore, coal (pseudo) . 


69 

„ copper 


241 

„ garnet 


522 

„ gypsum . 


461 

„ iron . , . . 


368 

Nepal, alum .... 


435 

„ bismuth 


163 

„ cerium . . . . 


436 

„ cobalt . . . . 


825 

„ copper . . . . 


272 

„ gold . . . . 


217 

„ lead . . . . 


308 

„ peat . . . . 


124 

„ silver , . . . 


237 

„ sulphur 


160 

Nicobar Islands, coal 


119 

Nila, coal .... 


100 

Nilgiri, iron .... 


352 

„ manganese . 


327 

„ peat . . . . 


120 

NimAr, iron . . . . 


397 

North-West Himalayas, coal . 


102 
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North-West Provinces, alum . 

PAGE 

434 

ff t> 

arsenic 

162 

i> >» 

copper . 

267 

if f* 

gold . 

210 

tt if 

graphite 

54 

if ff 

gypsum 

453 

ff tf 

iron 

406 

tt If 

lead 

308 

ft ft 

limestone 

467 

ff if 

peat 

123 

it ft 

salt 

491 

ft ft 

silver . 

237 

ft it 

slate 

554 


sodium car 



bonate 

495 

ft ' ff 

sulphur 

169 

ff ff 

talc 

445 

Nurpur, coal . 


100 

Orissa, coal 

O. 

76 

„ garnet, 


622 

„ gold . ‘ . 


188 

„ pottery clays 


664 

„ salt 


477 

„ talc 


441 

Oudh, peat 


123 

„ sodium carbonate . 

495 

, 

P. 


Palamow, iron 


. 376 

Palnad) lead . 


. 285 

Panch MahAl, iron . 


399 

„ „ lead . 


. 301 

Panna, diamond 


. 39 

Paoni, coal 


93 

PanjAb, see PunjAb. 
Papur, coal 


93 

Pegu, coal 


114 

„ iron 


. 114 

„ limestone 


. 470 

„ petroleum 


. 142 

„ salt 


. 492 

Pencil, coal . 


92 

PertAbgarb, peat 


. 123 

PeshAwar, antimony 


. 166 

„ gold 


. 210 

„ iron 


. 404 

Pid, coal . 


100 
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Porto Novo, iron . 


PAOE 

349 

Prorae, petroleum . 


147 

Punjab, a]|im . 


434 

„ antimony . 


165 

„ asbestos 


519 

„ barite . 


474 

„ beryl . 


521 

bismuth 


163 

„ celestite 


474 

„ chromium . 


834 

„ coal . 


98 

„ copper 


266 

„ epsomite 


437 

„ fluor spar . 


449 

„ fuller’s earth 


571 

» gold . 


209 

„ gypsum . 


452 

„ iron . 


404 

„ lead . 


303 

„ limestone . 


466 

„ lithographic atone 


559 

„ petroleum . 


126 

„ platinum . 


168 

„ pottery clays 


566 

„ rock crystal 


503 

„ salt . 


482 

„ serpentine . 


447 

„ silver . 


236 

„ slate . 


564 

„ sulphur 


157 

„ zinc . 


313 

R. 

Raigarh and Hengir, coal 

, 

89 

Raipdr (Chutia Nagpur), copper 

. 256 

„ fluor spar . 


. 449 

» gold . 


. 201 

„ iron 


. 383 

„ iron ochre . 


. 417 

„ lead . . * . 


. 296 

„ limestone . 


. 460 

„ lithographic stone 


. 558 

Baipur (Rajputana), talc . 


, 443 

E^mahil, carnelian, See, 


. m 

„ coal 


. 77 

„ pottery clays . 


. 664 

R^putina, alum . 


. 431 

„ antimony 


. 164 


Batpnt&na, barite . 


PAGE 

. 474 

„ beryl . 


. 521 

„ oobttlt . 


. 324 

„ copper . 


. 269 

„ fuller’s eartb 


. 670 

„ garnet . 


. 523 

„ gold 


. 204 

„ iron 


, 395 

„ lead 


. 299 

„ limestone 


. 463 

„ litbographic stone 


. 568 

„ manganese 


. 331 

„ salt 


. 478 

„ silver 


233, 236 

„ slate 


. 653 

„ talc 


. 443 

„ titanium 


. 323 

„ zinc 


. 312 

Ramgarh, coal 


84 

R^mpiir, coal . 


89 

Ramri Island, coal , 


. 112 

„ petroleum . 


. 140 

Rdniganj, coal 


81 

„ fire-clay . 


. 668 

„ iron 


. 368 

Ratnagiri, iron 


. 398 

„ talc 


* 444 

Rawalpindi, gold 


. 210 

„ petroleum . 


. 130 

Reora, coal 


. 101 

Rewah, barite . . , 


. 473 

„ coal • • 


88 

„ copper 


. 258 

„ corundum . 


. 424 

„ fluor spar , 


e 449 

„ iron 


. 393 

„ lead . . 4 


, 298 

„ lithographic stone 


568 

„ manganese . 


. 331 

„ silver 


. 236 

Eewakdutha, carnelian, <&c. 


. 506 

„ iron . 


. 899 

„ mica • 


. 528 

Rongrenggiri, coal . 


. 107 

Bound Island, petroleum 


. 142 

1 

Sugar, gold . 


. 203 

S4h4jori, coal . 

. 

. 78 
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Salem, asbestos 

PAGE 

619 

„ chromium . . . 

332 

„ corundum 

. 4^2 

gold » . , . 

. 179 

„ iron . ^ . 

. 348 

M haagnesite . . 

. m 

„ ruby .... 

. 427 

„ sodium carbonate . 

. 493 

„ talc . . 

. 440 

Salt-range, alum 

. 434 

„ celestite 

. 474 

„ fullers earth . 

671 

„ gypsum 

. 452 

„ iron 

, 404 

„ kieserite 

. 437 

), Salt ... 

. 484 

Sambalptir, diamond 

30 

„ gold . 

200 

„ graphite 

63 

„ iron 

. 381 

9 $ lead 

. 295 

„ limestone 

. 460 

n rock ciystal . 

. 603 

84mbhar Lake, salt 

478 

Sandoway, coal 

. 113 

Sasti, coal .... 

93 

Satara, iron , . • . 

. 398 

Satpura, coal .... 

90 

Siwantwari, iron 

399 

Seoni, gold .... 

. 203 

Shahpuy (Punjab), petroleum . 

127 

„ (C. P.) or Betul, coal 

92 

Shdn States, lead . 

. 310 

Shimoga, iron 

356 

Sibefigar, gold 

. 223 

Siju, coal .... 

. 106 

Sikkim, coal .... 

103 

„ copper. 

. 276 

» gold .... 

. 217 

„ iron ochre . 

418 

Simla, antimony 

. 166 

„ copper .... 

. 266 

„ lead .... 

. 304 

„ slate . . . 

. 664 

„ sulphur .... 

. 169 

Sind, alum .... 

433 

4 , celestite .... 

. 474 : 

coal «... 

96 1 

„ fuller’s earth . . ; 

. 671 i 



PAGE 

Sind, gypsum . . . 

. 46l 

„ limestone 

. 466 

it pottery clays . 

# . 566 

Singhbhum, copper . 

. 248 

« gold . 

. 192 

„ limestone 

. 459 

„ manganese . 

. 328 

„ slate 

. 663 

)) talc 

. 442 

Singrowli, coal 

88 

„ corundum 

. 424 

„ petroleum 

. 126 

Sirgtija (Sarguja), coal . 

87, 88, 89 

»» ,, lead « , 

. 294 

Sirmdr, copper 

, 266 

„ iron .... 

. 405 

M lead .... 

, 306 

)» zinc .... 

. 313 

Sohagpur, coal 

88 

Sone Valley, coal 

87 

Sontdl Farganas, lead 

. 286 

Sowa Kb4n, coal 

. 166 

Spiti, antimony 

. 166 

„ chromium 

334 

„ epsomite 

. 437 

„ fluor spar 

449 

„ gypsum .... 

453 

Straits Settlements, antimony 

167 

Sunglewa, coal . . , . 

. 100 

Surat, iron , . , . 

. 399 

Sylhet, coal .... 

. 109 

T. 

Talchir, coal .... 

. ^75 

Tan j ore, rock crystal 

. 602 

Tatapani, coal .... 

87 

Tenasserim, antimony 

. 166 

ti coal ... 

114 

„ cobalt . 

. 325 

„ copper . • . . 

. 278 

» gold . 

. 228 

„ iron 

415 

>, . lead 

. 309 

,, manganese . 

331 

„ limestone 

. 470 

„ platinum 

. 168 

„ (Little) riTcr, coal 

. 116 

Thaietmio, coal . . . 

. 114 
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Udepttr (Rajputana), limestond , 404 

»> „ »ino , , 012 

Ulwar, see Alwar* 

Umb, see Arab. 

Umblay, coal . . . . 107 

Upper Godavari, gold , . , 303 

V. 

Vizagapatam, antimony , . 104 

» garnet . . .530 

„ graphite . , . 63 

» ii*on .... 360 

„ manganese . . 337 

„ mica .... 535 


Thaiotmio, petroleum 

. . 

PAGE 

147 

Thibet, gold . 


213 

Thimgadbam, coal . 


117 

Thoo-hte Kbyoung, coal , 

• « 

115 

Tinnevelly, graphite 

» • 

53 

Tipperab, gold 


228 

Tonngboji, petroleum 


147 

Travancore, gold 


178 

„ graphite 


61 

„ iron 


340 

Tributary States (Chutia Nagpur), iron 

381 

Triohinopoli, copper 


240 

„ flint . 


514 

„ gypsum 

• 

450 

„ iron . • 


347 

„ limestone . 


456 

„ pottery clays 


562 

Tsetama, coal . 


113 

Tsing Koon, coal • 


116 

Tumkur, iron . . 


365 

Turkistan, jade 

• 

617 


U. 

Udaipur, see Udepur. 

Udepur (Chutia Nagpur), and 



Korba coal 

89 

)> ( ft 

„ ) gold . 

198 

„ (Rajputana), copper . 

263 

ft ft 

garnet . 

624 

ff ft 

iron 

396 

» ft 

lead 

301 


W. 

Wardha, coal 

» gol*! 203 

„ limestone .... 46I 

Warora, coal 93 

Wiin, coal 

„ manganese .... 330 

talc 

Wainad (Wynaad), gold . . . igo^ 

y. 

Yenan-doung, petrolepm . , 147 

Yenan-gyoung, petroleum . , 148 
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